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1. Introduction 

BBL Caribe Engineering P.S.C. (BBL Caribe, also known as ARCADIS Puerto Rico) 

prepared this Current Conditions Report (CCR) on behalf of PUMA Energy Caribe, 

LLC. (PUMA) for the property located on Road PR-28, km 2, Luchetti Industrial Park, 

Bayamón, located in the Commonwealth of Puerto Rico (the Facility, Figure 1). 

ARCADIS Puerto Rico prepared this CCR in accordance with the applicable criteria set 

forth in Task I of Attachment II of the 1995 Administrative Order on Consent, Docket 

No. II RCRA-95-3008(h)-0303 and the subsequent (2011) modification of the 1995 

Administrative Order on Consent (the agreement with the new purchaser (PUMA)), 

Docket No. RCRA-02-2011-7305. Figure 2 presents the Facility layout. 

The 1995 Corrective Action Order (Order) outlined in the Administrative Order on 

Consent required a CCR, as well as a site-wide Resource Conservation and Recovery 

Act (RCRA) Facility Investigation (RFI) to be completed. The Order required that 35 

solid waste management units (SWMUs) and areas of concern (AOCs) identified at the 

Facility be investigated for potential releases of hazardous constituents to the 

environment. Figure 3 presents the locations of the SWMUs and AOCs identified 

under the Order. The Order also required that a site-wide hydrogeological investigation 

be conducted. A RFI went underway in 1998, and continued through 2009. 

A series of explosions and fires at the terminal damaged or destroyed many of the 

storage tanks at the Facility on October 23, 2009. An unknown quantity of petroleum 

was released during the incident. It is likely that the fire consumed much of the 

released material, but at least some was conveyed in runoff to Las Lajas Creek and an 

associated wetlands area to the north of the active portions of the Facility. The RFI was 

put on hold, so that post-fire conditions may be assessed in order to better surmise the 

more representative AOCs. 

The previous owners of the Facility, Caribbean Petroleum Refining (CPR), Caribbean 

Petroleum Corporation (CPC), and Gulf Petroleum Refining (Puerto Rico) Corporation 

(collectively, the “Debtors”) filed a voluntary petition for relief pursuant to Chapter 11 of 

the United States Bankruptcy Code on August 12, 2010. The Debtors pursued a sale 

of substantially all of their assets as part of the bankruptcy proceedings, which included 

the Facility. 

PUMA purchased the Facility on May 11, 2011, and has voluntarily entered into four 

agreements with the United States Environmental Protection Agency (USEPA) and the 

Puerto Rico Environmental Quality Board (EQB) to address certain environmental 
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conditions at the Facility so as to protect human health and the environment in the 

vicinity of the Facility, as well as the greater community in Bayamón, Puerto Rico. The 

agreements (USEPA Orders) are as follows: 

• Compliance and Prospective Purchaser Order Agreement Index No. RCRA-02-

2011-7504 

• Agreement and Order on Consent Docket No. CERCLA-02-2011-2003 

• Agreement with New Purchaser Docket No. RCRA-02-2011-7305 and 

Administrative Order on Consent Docket No. II-RCRA-95-3008(h)-0303 

• Agreement and Order on Consent for Removal Actions Docket No. CWA-02-2011-

3021 

As mentioned above, this CCR has been prepared to satisfy the requirements of the 

3008(h) Order. Appendix A includes a copy of the Order. PUMA retained ARCADIS 

Puerto Rico to address the environmental areas of interest. 

2. Facility Background 

The Facility is located at Road PR-28, km 2, Luchetti Industrial Park in Bayamón, 

Puerto Rico. The land use in the vicinity is primarily commercial. Commercial 

properties border the Facility to the south and west, Fort Buchanan to the east, and 

Highway PR-22 to the north. 

2.1 Location 

The Facility is located in the Luchetti Industrial Park, approximately three miles south of 

the island’s coast with the Atlantic Ocean. The entire Facility encompasses 

approximately 179 acres, of which 115 acres are developed and the remainder is a 

wetland. Figure 1 shows the general location of the Facility and physiographic features 

of the surrounding area. Four general areas divide the Facility:  a tank farm, an inactive 

process area, an administration area, and a wastewater treatment plant (WWTP).  

Several one-story buildings, over 40 storage tanks, pipelines, appurtenances, and 

supporting facilities constructed improved the Facility during different phases over 

history. Associated paved parking and landscaped areas covers the remaining portions 

of the Facility. The remaining 64 acres is a wetland, located on the northern portion of 
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the property. Road PR-28 provides vehicular access to the property. Figure 2 presents 

the current layout of the property. 

In addition, PUMA owns a loading dock facility on the San Juan Bay in Guaynabo, 

approximately two and one-half miles from the Facility. Fuel was transferred from the 

dock to the Facility via an aboveground pipeline. 

2.2 Environmental Setting 

2.2.1 Topography 

The Facility is situated at an approximate elevation between 10 and 35 feet above 

mean sea level (amsl), with a general surface gradient sloping to the north. The 

nearest surface water body is the Las Lajas Creek, located at the north of the Facility, 

based on the most recent revised United States Geological Survey (USGS) 

topographic map, Bayamón Quadrangle, 1969 (photorevised 1982). The Diego Creek 

runs 100 meters northwest of the Facility (Figure 1). 

2.2.2 Geology 

Soils at the Facility are predominantly low-permeability clays. The overburden 

thickness varies from about 10 feet at the southern perimeter of the Facility to about  

90 feet at the northern perimeter (USEPA 2008). 

A layer of carbonate sediments overlying limestone bedrock is located beneath the clay 

soils. Undulations of the carbonate sediment layer result in natural “domes” covered by 

clay soils. 

The Facility is located on alluvium (Qa) formation, consisting of sand, clay, and sandy 

clay based on the USGS Geologic Map of the Bayamón Quadrangle (Monroe 1973) 

and beds of sand containing gravel and cobbles in the valley of the Río Bayamón. 

Thickness is variable; as much as 25 meters has been penetrated in some wells 

(ARCADIS Puerto Rico 2011a). 

2.2.3 Hydrogeology 

Two general hydrogeologic units occur at the Facility. The uppermost clay unit contains 

a low permeability semi-perched layer and a permeable water-bearing zone (referred 

to as Zone A in CPR documents). The general horizontal groundwater flow direction in 
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Zone A is to the north, although localized mounds and depressions reportedly occur in 

the central portion of the Facility. The underlying carbonate sediment layer also 

contains a water-bearing zone (referred to as Zone B in CPR documents). 

Groundwater flow in Zone B is generally in the north to northwest direction (USEPA 

2008). 

Groundwater in Zone B is generally confined, meaning that the water table for wells 

completed in the carbonate sediment layer generally is at a higher elevation than the 

water table for the overlying clay soils. Groundwater gradients are relatively flat in the 

area. Water migration into and through the surface soils is slow as a result of the 

Facility’s geology. Figure 4 and Figure 5 present a depiction of the groundwater 

elevations (measured in 2009) and flow directions in Zone A and Zone B at the Facility, 

respectively. 

Free product existed as a light non-aqueous phase liquid (LNAPL) in different portions 

of the terminal property floating on groundwater both in the clay soil layer and in the 

carbonate sediment layer (larger volumes) based on the various subsurface 

investigations conducted by Anderson, Mulholland & Associates, Inc., and as 

concluded in the USEPA’s 2008 Environmental Indicators (EI) Report (USEPA 2008). 

LNAPL is essentially pushed upward by the water in the carbonate sediment layer, and 

trapped against the overlying clay soils due to undulations of the carbonate sediment 

layer. Under these conditions, floating free product in the carbonate sediments is 

essentially unable to migrate, or may migrate only slowly.  

Additionally, select dissolved-phase volatile organic constituents (VOCs), base-neutral 

analytes (BNAs) and metals have been detected in historical Zone A and Zone B 

groundwater samples. Some of these concentrations are attributable to previous 

operations at the Facility and/or dissolution of the LNAPL plumes, while others are 

attributable to offsite sources. As documented in the 2004 Sitewide Groundwater 

Monitoring Report (Anderson, Mulholland & Associates, Inc. 2004), no evidence of 

offsite groundwater impact due to Facility operations was historically found. 

Groundwater impacts based on the findings of historical investigations are discussed in 

Section 3. However, the current (post-fire) conditions of groundwater impacts are 

uncertain. 
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2.2.4 Surface Water and Wetlands 

The nearest surface water bodies are Las Lajas Creek and Diego Creek. An 

undeveloped wetlands area associated with Las Lajas Creek comprises a portion of 

the northernmost 64 acres of the Facility.  

Las Lajas creek is a low-flow, shallow stream that originates in the hills south of the 

Facility, traverses through the north-central part of the Facility, and eventually 

discharges into the San Juan Bay. The creek is channeled underground as it enters the 

Facility and returns to an open channel north of the Facility’s WWTP area. The Diego 

Creek is a shallow, low-flow creek that traverses through the northwest portion of the 

Facility. An outfall conveys the storm water discharges to Las Lajas Creek (Outfall 

002). The Facility has a National Pollutant Discharge Elimination System’s (NPDES) 

storm water discharge permit (Facility ID No. PR0000370). 

It should be noted that the USEPA, under Nationwide Permit 20, constructed a gabion 

retaining wall and earthen berm containing a flow control structure (underflow dam) 

across Las Lajas Creek as part of the October 2009 fire management activities to help 

restrict potential downgradient migration of released petroleum product,. These water 

control structures were constructed to restrict the hydrologic connection with the 

downgradient portion of Las Lajas Creek. They remain in-place and will be evaluated 

as part of the facility-wide corrective action. 

2.3 Surrounding Properties 

Properties surrounding the Facility mainly consist of industrial properties, a military 

base, and undeveloped land. The adjacent properties include the following: 

• North:  Road PR-22, across which several commercial warehouses are located 

• East:  Road PR-28, across which is Fort Buchanan, a U.S. military base 

• South:  Road PR-28, across which is Fort Buchanan and the Julio Enrique 

Monagas Park 

• West:  Luchetti Industrial Park 

The closest residence is at least 0.1 mile (military base) from the Facility based on 

ARCADIS Puerto Rico’s observations. There is an indication that there is residual 
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contamination on the Fort Buchanan property that could impact the Facility based on 

the following (ARCADIS Puerto Rico 2011a): 

• The USEPA noted that “trichloroethylene and vinyl chloride have been detected in 

monitoring wells along the eastern boundary of CPR” during its evaluation of EIs 

completed in October 2008. “This plume is considered part of a larger plume 

located primarily on the property of Fort Buchanan, located east of CPR. Fort 

Buchanan is currently in the process of identifying the source and evaluating the 

need for remedial actions for this plume” (USEPA 2008). 

• The USEPA responded on February 4, 2011 to an on-going release of oil and 

possibly cooking grease and industrial waste that was discharged into a storm 

sewer and, ultimately, a wetland that borders the Facility to the north. This incident 

and the response activities conducted are documented in the USEPA June 30, 

2011 pollution report for the Fort Buchanan property. The Pollution Report is 

included in Appendix F. 

2.4 History 

The Facility began operations as a petroleum refinery in 1955 under the name of 

Caribbean Refining Corporation. Gulf Oil Corporation purchased the Facility in 1962, 

and gave the new name Caribbean Gulf Refining Corporation. Chevron Corporation 

acquired ownership of the Facility when it purchased Gulf Oil Corporation in 1984. The 

Facility was sold to First Oil Corporation in 1987, and operated as an independent 

refinery under the name Caribbean Petroleum Refining, Limited Partnership. 

The refinery processed imported virgin crude oil to produce petroleum distillates, fuel 

gases, diesel oil, asphalt, kerosene, fuel oil, gas oil, residual oils, and unleaded 

gasoline. The Facility previously produced leaded gasoline, but discontinued 

production as of January 1, 1988 (Kearney 1989). Hazardous wastes historically 

managed at the Facility include primary oil/water/solids separation sludge (F037), 

secondary oil/water/solids separation sludge (F038), slop oil emulsion solids (K049), 

heat exchanger bundle solids (K050), API separator sludge (K051), ignitable waste 

(D001), and toxicity characteristic (benzene) wastewater (D018) (USEPA 2004). 

The Facility operated as a petroleum refinery between 1955 and 2000. The Facility 

continued to operate as a terminal for storage of a variety of petroleum products (e.g., 

gasoline, diesel, jet fuel, and fuel oil) following discontinuation of refinery operations in 

2000. The terminal is connected via an aboveground pipeline to the loading dock 
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facility on the San Juan Bay, with the capability to load and unload fuel products. CPR 

rented a portion of its storage capacity to certain customers, including the Puerto Rico 

Electric Power Authority (PREPA). Other portions of the Facility were used to store and 

redistribute petroleum products to CPR’s network of service stations located 

throughout Puerto Rico. 

2.4.1 October 2009 Incident 

Several explosions and ensuing fires occurred at the Facility on October 23, 2009. The 

fires largely destroyed approximately 17 tanks on the Facility, and damaged 

surrounding tanks and other infrastructure, including the fuel transfer pipeline. In total, 

about half of the Facility’s tanks were damaged or destroyed. Third party emergency 

response contractors provided emergency cleanup and assistance at the terminal 

immediately following the incident. In February 2010, the USEPA issued a Unilateral 

Administrative Order pursuant to the Oil Pollution Act (OPA) and the Clean Water Act 

(CWA), directing CPR to commence cleanup and removal actions at the terminal. CPR 

was unable to perform such activities primarily due to financial constraints. The USEPA 

assumed responsibility for the cleanup activities covered by the Unilateral 

Administrative Order in March 2010. 

The USEPA subsequently implemented response actions under the OPA for tank 

dismantling and removal of contaminated soil. USEPA’s contractors led efforts to 

dismantle badly-damaged tanks, and staged the steel in designated areas on the Site 

for recycling (Figure 2). The contractors evaluated soils in the secondary containment 

areas and beneath the dismantled tanks as they dismantled the tanks to determine if 

soil should be removed. Contaminated soils were excavated and disposed off the Site 

at a non-hazardous waste landfill in Puerto Rico (ARCADIS Puerto Rico 2011b). Soils 

were excavated until the ground surface appeared clean by visual inspection. 

Appendix B shows aerial photos from before and after the 2009 fires. 

PUMA purchased the Facility in May 2011, and has taken over the environmental 

responsibilities related to the Order, as well as the cleanup and assessments related to 

the October 2009 incident. As established in the May 2011 Agreement, PUMA is not 

responsible for the investigation and/or remediation of any historical contamination 

potentially released from the Facility via air emissions which have been deposited in 

areas which are not contiguous or adjacent to the Facility (e.g., contamination deposits 

in non contiguous/non adjacent locations relating to the explosion or air emissions from 

petroleum refining operations, etc.). 
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PUMA’s intended use for the Facility is terminal storage only. Processing is not 

currently intended to continue at the Facility. 

2.5 SWMUs and AOCs Requiring Investigation under the 1995 Order 

The 3008(h) Order established 22 SWMUs and 12 AOCs as requiring investigation. 
Figure 3 depicts the locations of these SWMUs and AOCs. These are listed below. 

• SWMUs 

– SWMU 1:  Container Storage Area 

– SWMU 2:  Slop Oil Tank 1000 

– SWMU 3:  Slop Oil Tank 1001 

– SWMU 4:  Solids Knockout Pit 

– SWMU 5:  Surge Tank ET-1 

– SWMU 6:  API Separator 

– SWMU 7:  Corrugated Plate Interceptor 

– SWMU 8:  Equalization Basin 

– SWMU 9:  Inlet basin to Biological Reactor #1 

– SWMU 10:  Digester 

– SWMU 11:  Old Oil Lagoons 

– SWMU 12:  Old East Separator 

– SWMU 13:  Slop Oil Tank 452 

– SWMU 19:  Natural Aeration Basin 

– SWMU 32:  Old Landfill 

– SWMU 33:  Non-hazardous Disposal Site 

– SWMU 34:  Sulfur Lagoon 

– SWMU 35:  Catalytic Waste Pond 

– SWMU 37:  Sulfur Drum Storage Area 

– SWMU 38:  Centrifuge 

– SWMU 39:  Gravity Thickener Yard 

– SWMU 40:  Scrap Metal 

• AOCs 

– AOC 1:  Crude Unit Charge Pump Area 
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– AOC 2:  Fuel Oil Transfer Pump (Cummins) Area 

– AOC 3:  Fuel Oil Transfer Pump Area near Tank 603 

– AOC 4:  Asphalt Heater Unit 

– AOC 5:  Fuel Oil Loading Rack Pump Area 

– AOC 6:  Debutanizer Re-boiler Area 

– AOC 7:  FCC Unit Compressor Lube System Area 

– AOC 8:  Heat Exchanger Bundles at Heavy Cycle Steam Generator 

– AOC 9:  Crude Unit No. 1 Area 

– AOC 10:  Crude Unit No.1 near Heat Exchanger Bundle Area 

– AOC 11:  Fuel Oil Pipeline Spill Areas 

– AOC 12:  Old Loading Rack 

The RFI addressed most of the SWMUs and AOCs by October 2009. However, the 

statuses of these SWMUs and AOCs have likely changed significantly as a result of the 

October 2009 fire and explosion, and subsequent response and cleanup activities. This 

CCR will not address each SWMU and AOC individually while these will be addressed, 

as warranted, during future environmental activities at the Facility. For the purpose of 

this CCR and the work plans subsequent to it, the Facility as a whole is being re-

evaluated to assess the most current (post-fire) SWMUs and AOCs that need to be 

addressed. Areas that have historically exhibited contamination of soil and/or 

groundwater, as well as areas that are known to have been affected by releases 

associated with the 2009 incident, will be specifically addressed during future 

investigations. Appendix G includes figures from the 2004 Sitewide Groundwater 

Monitoring Report (Anderson, Mulholland & Associates, Inc. 2004), which depict areas 

where contamination has been historically documented. The areas that will be subject 

to more focused investigations, and include at least the following: 

• Areas with documented contamination (pre-2009), based on the 2004 

Groundwater Monitoring Report (Anderson, Mulholland & Associates, Inc. 2004): 

– Former Process Sewer Area 

– Old Loading Rack 

– Wastewater Treatment Plant Area 

– Old Oil Lagoons 

– Sulfur Lagoon 

– Northeast Facility Area 

• Areas impacted by 2009 incident (depicted on figures provided in Appendix H): 
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– Northern Tank Farm 

– Vicinity of WWTP 

– Storm water channels 

As investigations are conducted, it will be determined what additional areas require 

more focused investigations. 

2.6 RCRA Units at the Facility 

There is a RCRA unit at the Facility:  the closed equalization basin, also known as 

SWMU 8, located on the western side of the Facility (see Figure 2). As part of its 

wastewater treatment facility, CPR operated the equalization basin to receive effluent 

from oil/water separation units, and discharge it to a biological treatment system. The 

equalization basin was an unlined surface impoundment regulated under Subtitle C of 

the RCRA because it managed D018 and F038 wastes. The equalization basin ceased 

operation and receipt of hazardous waste on June 6, 1993, and an aboveground 

equalization tank replaced it. Sludge was removed from the bottom and sides of the 

basin in April 1994. 

RCRA closure of the equalization basin was completed in August 1999. Activities for 

the closure consisted of dewatering the basin; stabilizing the residual sludge; backfilling 

the basin; and installing impermeable clay and flexible membrane liner cap, a drainage 

layer, and a vegetative cover. The USEPA approved the closure on December 3, 1999. 

A groundwater monitoring system consisting of six wells (EB-101 through  

EB-106) was installed in 1991. A monitoring program was also implemented to allow 

for detection of contamination if hazardous waste or hazardous constituents migrate 

from the unit to the uppermost aquifer. The monitoring program was integrated into the 

Facility wide Groundwater Monitoring Program (SGMP) in 2002, with USEPA approval, 

as part of the corrective action RFI. Sampling of the closed equalization basin was 

conducted for select VOCs on a semiannual basis, and was reduced to annually in 

2006 (Anderson, Mulholland & Associates 2009a).  

Benzene concentrations were historically detected in one of the upgradient wells. It 

was determined that this was from an upgradient source. Concentrations decreased 

over time. The last sampling event was conducted in March 2009. VOCs were not 

detected in the monitoring wells associated with the basin. Anderson, Mulholland & 

Associates, Inc. determined in the 2009 monitoring report that sampling would 

discontinue after 2010 if contaminant levels were less than USEPA’s Maximum 

Contaminant Levels (MCLs) in all wells, or if there were no trends of increasing 
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concentrations. Subsequent sampling events were however put on hold due to the 

October 2009 fires. 

2.7 Historical Investigations 

The CPR’s terminal and refinery have been subject of numerous environmental 

investigations and response actions since at least 1980. Starting in 1980, LNAPL was 

removed from a cased pit located near the liquid propane gas (LPG) tanks in the old 

loading rack area (see Figure 2). It was estimated that 1,000,000 gallons of product 

and/or groundwater were removed using this approach. A five-well recovery system 

with automatic pumps was installed in 1984 to 1985. This system removed about 

68,000 gallons of product and/or groundwater by May 1987 (ARCADIS Puerto Rico 

2011a). 

2.7.1 Groundwater Monitoring 

In 1988, Geraghty and Miller, Inc. initiated a groundwater assessment that ultimately 

delineated the extent of LNAPL in the areas of the Facility where it was initially 

identified by previous consultants. Subsequently, in June 1989, Geraghty and Miller 

performed an assessment of dissolved hydrocarbon constituents in groundwater at the 

perimeter of the refinery. Another groundwater recovery system was installed in 

October 1989. LNAPL recovery operations began in December 1989. Regular 

maintenance and monitoring were conducted. These included measurements in 14 

wells that are part of the recovery system and 79 additional on-site wells. In addition, 

LNAPL was periodically bailed from 29 wells that were not connected to the recovery 

system (Radian 1990). 

As part of the SGMP, Anderson, Mulholland & Associates, Inc. collected groundwater 

samples in two phases in 2003, as documented in the 2004 Sitewide Groundwater 

Monitoring Report (Anderson, Mulholland & Associates, Inc. 2004). During Phase 1 

(May and July 2003) groundwater was collected from wells in the vicinity of LNAPL 

plumes and in the northeast portion of the Facility, and from wells in the vicinity of the 

WWTP and process sewer, to assess the impact on groundwater, if any, from Facility 

operations in these areas. During Phase 2 (October 2003), groundwater samples were 

collected from 51 monitoring wells across the Facility. Section 3 summarizes the 

findings of these events. Based on the findings, additional work was proposed to 

confirm/delineate impacts to groundwater. However, the 2009 incident occurred before 

most of the work could be implemented. 
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Through September 2009, 131 groundwater wells were routinely monitored for the 

presence of subsurface free product at the Facility: 

• Sixteen monitoring wells were sampled once or twice annually to evaluate 

migration of dissolved constituents in the groundwater 

• Sixty were used to recover product 

• Remaining wells were used to keep track of product “sheens” and groundwater 

elevations on a monthly basis 

Twenty-two of the product recovery wells were automated (pneumatically operated 

recovery wells to continuously remove free product). About 38 were either bailed or 

emptied with a vacuum truck periodically to remove free product. An estimated 80,000 

gallons of product were removed from the subsurface at the rate of a few hundred 

gallons per month between 1991 and 2009 (ARCADIS Puerto Rico 2011a). 

Before the 2009 incident, groundwater monitoring was ongoing at the Facility. 

Groundwater sampling was conducted annually in the wells associated with the 

equalization basin (see Section 2.6), and semi-annually at the 16 wells associated with 

the underground recovery system. The 16 wells selected were intended to provide 

information for evaluating potential downgradient migration of dissolved constituents 

from the LNAPL plume at the Facility. Five of the sampled wells monitored the upper 

clayey sediment water-bearing zone (Zone A), and 11 monitored the unlithified 

carbonate sediment zone (Zone B). Select wells had also been sampled since 2003 to 

address identified data gaps, and provide delineation information. 

The last semi-annual groundwater sampling event associated with the underground 

recovery monitoring system was conducted in September 2009. The last RCRA annual 

groundwater sampling event associated with the equalization basin was conducted in 

March 2009. Section 3 includes a discussion of the findings of historical groundwater 

assessments. 

2.7.2 Soil Sampling 

Anderson, Mulholland & Associates, Inc. collected surface and subsurface soil samples 

at 25 and 30 SWMUs/AOCs/areas, respectively, in multiple phases from 1998 to 2002, 

as part of the RFI activities. The laboratory analyzed the samples for VOCs, BNAs, 

and/or metals. Section 3 presents the findings. 
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2.8 Interim Actions 

2.8.1 Old Oil Lagoons Excavations 

In response to the soil data gathered in SWMU 11 (Old Oil Lagoons), an Interim 

Corrective Measure (ICM) was implemented in December 2006. The ICM involved 

excavation of impacted soil from within the old oil lagoons and off-site disposal as non-

hazardous waste. Soil was excavated until constituent concentrations were below 

USEPA Industrial Soil Ingestion Regional Screening Levels (RSLs) (Anderson, 

Mulholland & Associates 2009b). Confirmatory sampling revealed that concentrations 

in soil were still above the Protection of Groundwater RSLs (USEPA 2008). 

2.8.2 Free Product Recovery 

As discussed in Section 2.7.1, prior to the 2009 explosion and fires, ongoing interim 

measure activities were conducted in association with the underground free product 

recovery system. 

Twenty-two of the product recovery wells were automated (pneumatically operated 

recovery wells to continuously remove free product). About 38 were either bailed or 

emptied with a vacuum truck periodically to remove free product. An estimated 80,000 

gallons of product were removed from the subsurface at the rate of a few hundred 

gallons per month between 1991 and 2009 (ARCADIS Puerto Rico 2011a). 

2.8.3 Soil and Product Recovery in Response to 2009 Incident 

Immediately following the 2009 explosion and fires, the USEPA began recovering free 

product and contaminated soil from various areas at the Facility that were impacted by 

the incident. Response actions are documented in the USEPA Pollution Reports for the 

CAPECO Facility. This is further discussed in Section 3.2. 

2.9 3008(h) Administrative Order 

As mentioned above, the former refinery was the subject of an Order issued by the 

USEPA in 1995 pursuant to Section 3008(h) of RCRA (the 1995 RCRA Order). This 

Order required the refinery facility to perform the following seven tasks: 

• Perform a systematic investigation of specific SWMUs and AOCs, and summarize 

the results of the investigation in a RFI report 
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• Prepare a corrective measures report to evaluate alternatives for corrective 

measures, and to serve as the basis for the USEPA to select a remedy for the 

Facility 

• Perform an assessment of the process sewer system that collected process 

wastes in the refinery area 

• Perform an assessment of Las Lajas Creek to identify hazardous wastes and/or 

hazardous constituents released to the creek, and to characterize the hydrology of 

the creek and surrounding groundwater 

• Implement interim measures to consist of continuing to operate the free product 

recovery and groundwater monitoring systems in place at the Facility 

• Notify the USEPA of new releases of hazardous wastes or hazardous constituents, 

or discovery of other SWMUs at the Facility 

• Notify the USEPA of plans to take expedited steps to respond to releases under 

certain conditions 

CPR had completed most of the work required under the 1995 RCRA Order by 

October 2009, as may be found in historical reports. The systematic investigation of 

SWMUs and AOCs was essentially complete, although a comprehensive RFI report 

had not yet been prepared. The extent to which these data remain valid is however 

uncertain due to the potential change of conditions from the October 2009 explosion 

and fire. While a substantial amount of the work required under the 1995 RCRA Order 

was performed prior to the 2009 explosion, more data are required to confirm that 

subsurface conditions have not changed. 

The explosion and fire in October 2009 damaged or destroyed about half of the tanks 

at the terminal, and many monitoring and recovery wells. The subsurface free product 

recovery system was also destroyed during the incident. A comprehensive 

investigation of the impact of releases from the explosions on current environmental 

conditions at the Facility has not yet been performed. It is not anticipated that the 

subsurface conditions were altered as a result of the fires due to the confining nature of 

the underlying lithology, but investigations must be completed to confirm that 

subsurface conditions were not altered as a result of the 2009 incident. 
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2.10 EI Assessment 

2.10.1 Human Exposure 

The EI for Current Human Exposure was finalized by the USEPA in 2004, and is 

provided in Appendix C. The results of the EI indicated that current human exposure 

was under control. However, in a December 29, 2010 memorandum, the USEPA 

determined that the conclusions set forth in the EI assessment were no longer valid, 

based on the new environmental conditions present at the Facility as a result of the 

2009 incident. 

2.10.2 Migration of Contaminated Groundwater 

The EI for Migration of Contaminated Groundwater was finalized by the USEPA in 

2008, and is provided in Appendix C. The results of the EI indicated that the migration 

of contaminated groundwater had stabilized, and that monitoring would be conducted 

to confirm that additional migration does not occur. The EI states that an ecological 

receptor evaluation was intended to be developed in the future.  

Changes in the Facility status have not occurred since the approval of the EIs, and 

additional operations have not taken place, with the exception of the October 2009 

explosion and fire. In the December 2010 memorandum mentioned above, the USEPA 

retracted their approval of the positive EI assessment for Migration of Contaminated 

Groundwater under Control, due to the uncertain environmental conditions present at 

the Facility as a result of the 2009 incident. 

Based on the stable nature of the free product, as controlled by the lithology in the 

area, subsurface conditions probably have not changed significantly with respect to 

migration of free product on the water table. A revised EI assessment will be conducted 

by the USEPA after current data are obtained for the Facility. 

3. Current Conditions 

The nature and extent of contamination have not been completely delineated in any 

medium at the Facility since the October 2009 explosion and fire. Descriptions of the 

various media of concern and related constituents based on historical investigations 

follow. 
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3.1 Nature and Extent of Contamination 

3.1.1 Groundwater 

3.1.1.1 Historical 

As mentioned in Section 2.7, various monitoring wells have been sampled for select 

constituents (depending on what area of the Facility they are located) over history. A 

summary of the historical conditions and potential constituents of concern are 

discussed below, based on the 2004 Groundwater Monitoring Report (Anderson, 

Mulholland & Associates, Inc. 2004) and the most recent semiannual groundwater 

sampling event (September 2009), and as concluded in the 2008 EI documentation . 

Concentrations were historically compared to USEPA Industrial Risk-based Screening 

Levels (RBSLs) and MCLs, but for the purposes of this CCR, concentrations have 

been re-evaluated and compared to the most recent (November 2011) USEPA Region 

III Tapwater RSLs, with exceptions noted below. MCLs were used for comparison 

where RSLs are not established. The following historical information is documented for 

groundwater: 

• Petroleum hydrocarbons are present in the upper clayey sediment (Zone A) and 
carbonate sediment (Zone B) water-bearing zones in the form of LNAPL. Figure 6 

presents the known locations (pre-fire) of the LNAPL plumes. There were 

reportedly five plumes, generally within the tank farm and WWTP areas. Previous 

investigations conclude that the LNAPL plumes were stable with negligible 

migration through September 2009. 

• Analytical results from groundwater sampling conducted in 2003, and reported in 

the 2004 Groundwater Monitoring Report (Anderson, Mulholland & Associates, Inc. 

2004) exhibited concentrations of various constituents above their respective 

screening criteria. The sitewide groundwater investigation determined that 

groundwater in the shallow (Zone A) and deep (Zone B) zones were impacted by 

various historical onsite activities. However, it was also concluded that migration of 

contaminated groundwater appeared to be stabilized, no evidence of impact was 

present offsite, and there was no indication that the impact to groundwater resulted 

in unacceptable risk to human health (Anderson, Mulholland & Associates, Inc. 

2004). Due to the extensive amount of data included in the 2004 report, data were 

not re-evaluated respective to the current RSLs for this CCR. The tables and 

figures from the 2004 report are included as Appendix G for reference. 

Concentrations were compared to RBSLs and MCLs at the time. The aerial extent 
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of impacted groundwater exceeding screening levels (2004 RBSLs and MCLs) is 

presented on Figures 6-1, 6-2 and 6-3 of Appendix G. The following conclusions 

were made in the 2004 report: 

– Process Sewer Area:  An area of impacted groundwater was identified in Zone A, 
underlying the southern portion of the Facility’s former process sewer system. The 
following VOCs and BNAs were detected above 2004 screening levels:  benzene, 1,2-
Dichloroethane (1,2-DCA), 2-methylnaphthalene and naphthalene. Total arsenic and 
lead were also detected above screening levels, but dissolved concentrations were not 
above screening levels. With the exception of 1,2-DCA, the constituents detected were 
consistent with those expected to be found in a petroleum refinery process sewer.  

– Old Loading Rack:  Groundwater in Zone A in this area was impacted with benzene, 
naphthalene, and total and dissolved arsenic. The loading rack was removed in 1976, 
and was not considered a continuous source of impact. 

– Wastewater Treatment Plant Area:  Several VOCs and BNAs were detected above 
screening levels in Zone A in this area:  benzene, 2-methylnaphthalene, naphthalene, 
chrysene, fluorene and bis(2-ethylhexyl)phthalate (BEHP; likely a laboratory 
contaminant per the 2004 report). Several total metals were above screening levels 
(arsenic, barium, beryllium, chromium, lead and vanadium), but dissolved 
concentrations were below screening levels. This impact was suspected to be related 
to reported releases from the underground piping in the area. The piping was repaired 
or replaced. 

– Old Oil Lagoons:  Zone A in this area contained exceedances of benzene, 
naphthalene, benzo(a)pyrene, and total and dissolved arsenic. The source was 
presumed to be historical releases from the oil lagoons. The lagoons were closed in 
1980. At closure, materials were removed and placed in an approved offsite landfill. 
Closure was approved by the Puerto Rico Environmental Quality Board. 

– Sulfur Lagoon:  No VOCs or BNAs were detected above screening levels in this area. 
Total metals concentrations of arsenic, chromium and vanadium were above screening 
levels in Zone A, but dissolved concentrations were not above screening levels. 

– Northeast Facility Area:  TCE and its degradation products (vinyl chloride [VC] and cis-
1,2-dichloroethene [cis-,1,2-DCE]) were detected in Zone B at least once at 
concentrations above screening levels in this area. The presence of TCE was 
attributable to offsite sources (Anderson, Mulholland & Associates, Inc. 2004). The 
USEPA is conducting an ongoing investigation related to the Fort Buchanan property 
that is the source of this plume. A presentation on the Fort Buchanan northwest 
boundary investigation is included in Appendix F. 

– Arsenic in Zone B:  An arsenic plume with levels above the MCL of 10 µg/L was found 
to occur in Zone B in the northern tank farm area. The highest arsenic level within the 
plume was present at MW-85B2 (69 µg/L). Arsenic was not detected above screening 
levels in Zone A overlying the plume, and was confined to the onsite Facility wells. The 
source of the arsenic was not determined. 

– MTBE was detected in 27 of 42 groundwater samples analyzed for VOCs. MTBE was 
only detected above the acceptable drinking water guidelines at the time (20 to 40 
µg/L; established by USEPA in the 1997 Drinking Water Advisory) in one well (B-2 at 
an estimated concentration of 517 µg/L). Several concentrations were present in 
exceedance of the current RSL (12 µg/L), including well MW-15A which is located 
adjacent to Outfall 002. 
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– There were also isolated/anomalous detections in some wells that needed to be 
confirmed because concentrations were only above MCLs during one sample round 
(e.g. VC in MW-83B1, cis-1,2-DCE in MW-75B, benzene and naphthalene in MW-13A, 
arsenic in MW-41A). A summary of proposed supplemented activities to 
delineate/confirm the findings of the 2003 investigations are presented in Table 6-1 of 
Appendix G. Delineation work will be implemented as applicable, and the 
wells/constituents of concern be re-evaluated during future investigations and 
compared to current RSLs/MCLs. 

• The dissolved lead concentration in a groundwater sample collected from 

monitoring well MW-37A during the March 2008 sampling event exceeded the 

USEPA drinking water MCL. This is the only dissolved lead exceedance detected 

at this well since it was added to the monitoring program in 1992. Prior to this 

detection, an MCL exceedance of dissolved lead in groundwater was not detected 

since September 1997 (in well MW-76B). Total lead detections in 2003 are not 

believed to represent true groundwater conditions. 

• Historically, dissolved mercury has been detected at concentrations above USEPA 

Tapwater RSLs along the northern boundary of the Facility.  

• During the March/April 2008 sampling event, well MW-30B (located in the west-

central part of the Facility) contained 1,2-dichloropropane at a concentration above 

the Tapwater RSL, consistent with historical results. Additional wells were 

subsequently sampled for 1,2-dichloropropane in order to delineate the plume. Any 

downgradient well did not show concentrations of this constituent, and its potential 

presence at well MW-30B appears to be localized. There are no buildings in the 

area of MW-30B, and the potential for vapor intrusion is therefore not a concern. If 

evaluation of data or proposed future land use reveals that there is a potential 

vapor intrusion issue, PUMA will conduct a vapor intrusion assessment. 

• BTEX:  Benzene and ethylbenzene have historically been detected at 

concentrations above Tapwater RSLs in several wells. However, since 2005, the 

only concentration above the RSL in the semiannual sampling network was 0.5J 

µg/L of benzene in September 2009 (MW-14B). Additionally, among the wells in 

the semiannual sampling network, toluene and total xylenes have only been 

historically detected above RSLs in MW-37A, but have not been detected above 

RSLs since 1995 and 1998, respectively. MW-14B and MW-37A are located 

downgradient from the LNAPL plumes. BTEX concentrations are likely from 

dissolution of the plumes with subsequent downgradient transport. 
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• Concentrations of chlorinated VOCs, including TCE, tetrachloroethene (PCE), cis-

1,2-DCE, trans-1,2-DCE and VC have been historically detected in monitoring 

wells located along the Facility’s eastern boundary. Recently detected 

concentrations of TCE, PCE and VC exceed their respective Tapwater RSLs. 

Among the wells sampled, detected concentrations of trans-1,2-DCE have not 

exceeded its respective Tapwater RSLs. Detections of cis-1,2-DCE have not 

exceeded its respective Tapwater RSL since March 2004. As discussed in Section 

2.3, this plume is considered part of a larger plume originating from the Fort 

Buchanan property, located east of the Facility. Fort Buchanan was in the process 

of identifying the source, and evaluating the need for remedial actions for this 

plume as concluded in the 2008 EI. PUMA does not have monitoring wells along 

the southern boundary of the Facility to assess the upgradient (background) 

concentrations potentially associated with the Fort Buchanan plume (USEPA 

2008). Fort Buchanan was not impacted by the 2009 incident, and therefore the 

conclusions set forth in the 2008 EI related to this plume should remain valid. 

Anderson, Mulholland and Associates, Inc. conducted four rounds of groundwater 

sampling between July 2006 and December 2007 as part of the RFI’s SGMP. The 

objective of the investigation was to delineate the extent of mercury and chlorinated 

hydrocarbon concentrations based on previous contaminant levels in select wells. 

Anderson, Mulholland and Associates, Inc. sampled 14 wells for mercury and four 

wells for the chlorinated hydrocarbons of concern. The technical memorandum that 

presented the results (Anderson, Mulholland & Associates 2008) also presented 

historical data of these constituents for reference. Table 1 presents the historical 

mercury concentrations in monitoring wells from March 1996 through December 2007. 
Table 2 presents the historical concentrations of VOC constituents of concern in the 

four wells of concern from March 1996 through December 2007. 

The semiannual groundwater sampling associated with the underground recovery 

system focused on VOCs/BNAs and select dissolved metals. Constituents of concern 

have historically been chlorinated hydrocarbons (TCE, PCE, VC, and cis/trans-1,2-

DCE), mercury, arsenic, and lead, although some of these have not been detected 

above their respective Tapwater RSLs for several years, or are only detected in 

isolated areas. BTEX have also been historically detected at isolated locations, but 

recent concentrations have not exceeded their respective RSLs. Arsenic is only 

analyzed for in groundwater due to historical soil detections of arsenic in select areas 

of the Facility. 
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As discussed above, the last semiannual groundwater sampling event associated with 

the underground recovery system was conducted in September 2009. Table 3 

presents the analytical results for this event. The report summarizing the 2009 results 

(Anderson, Mulholland & Associates 2009c) also provides historical BTEX and 

dissolved lead concentrations in the well network. Table 4 presents these results. 

Results of the September 2009 sampling event indicated that benzene, 1,2-

dichloropropane, TCE, PCE and VC exceeded their respective USEPA Tapwater RSLs 

in isolated locations. The single benzene and 1,2-dichloropropane exceedances were 

qualified as estimated concentrations by the laboratory. Benzene had not previously 

been detected in this location (MW-14B) since September 2005. TCE, PCE and VC 

are not petroleum-related VOCs, and their presence (in MW-75B) is not attributed to 

Facility activities (Anderson, Mulholland & Associates 2009c). This dissolved-phase 

chlorinated VOC plume is considered part of a larger plume originating from the Fort 

Buchanan property, located east and upgradient of the Facility (USEPA 2008). 

Concentrations of cis-1,2-DCE and trans-1,2-DCE were also detected in MW-75B; 

however these concentrations were an order-of-magnitude lower than their respective 

Tapwater RSLs. Dissolved metals were not detected above method detection limits in 
any wells (Table 3). 

3.1.1.2 Recent 

The October 2009 explosion and fire, as well as the associated response activities, 

damaged or destroyed many of the monitoring and recovery wells at the Facility. 

PUMA conducted a well survey in September 2011 to assess the condition of these 

wells. Table 5 presents the current conditions of the wells based on the survey.  

Table 5 also presents current LNAPL thicknesses that were able to be measured. 

Groundwater sampling has not been conducted since the fires. The tanks that released 

product contained petroleum products. The fires would not have released any new 

contaminant that was not previously present on the Facility, but current concentration 

levels are unknown. 

3.1.2 Surface Water 

Two shallow low-flow creeks are present at the Facility. Las Lajas Creek is channeled 

underground as it enters the Facility and returns to an open channel north of the 

Facility’s WWTP area. Much of the flow is outfall discharge once Las Lajas Creek has 

passed through the Facility. The Diego Creek traverses through the northwest portion 

of the property. 
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Groundwater discharge from the overburden water-bearing zone to Las Lajas Creek 

has been indicated in previous assessments. Groundwater sampling was therefore 

historically conducted from shallow wells nearby and adjacent to the creek (MP-1,  

MP-5A, MP-9, MP-10, MW-86A, MW-110A and MW-111A) to demonstrate surface 

water EIs. In 2009, CPR developed a work plan for surface water sampling at Las 

Lajas Creek, to assess potential impacts to surface water from groundwater. The work 

plan was pending final USEPA approval when the October 2009 incident took place. 

The proposed surface water sampling in Las Lajas Creek has not been conducted. 

 LNAPL plumes have not occurred adjacent to the creek, and impacts to surface water 

from the LNAPL plumes have not been previously indicated (USEPA 2008).  

However, the presence of residual contamination in Las Lajas Creek and the Diego 

Creek as a result of the 2009 explosion and fire has not been fully assessed. While 

there were visual impacts observed in Las Lajas Creek and the wetland area following 

the 2009 incident, subsequent assessments of the area in 2011 did not indicate 

residual impacts. The latest visual assessment of this area, as part of the removal 

action conducted by the USEPA and subsequently by PUMA, has not identified the 

presence of residual hydrocarbons. ARCADIS Puerto Rico evaluated Las Lajas creek 

in September 2011 as part of the Hydrogeomorphic Functional Assessment of the 

wetlands at the Facility (ARCADIS Puerto Rico 2011c). The 2011 assessment report is 
provided as Appendix D. The assessment did not find residual oil in the wetland or 

creeks. Indications of residual oil (e.g., petroleum-like odors, sheens, surface staining, 

or discoloration) were not observed on standing vegetation, soil profiles, or surface 

waters.  

As discussed in Section 2.2.4, the USEPA, under Nationwide Permit 20, constructed a 

gabion retaining wall and earthen berm containing a flow control structure (underflow 

dam) across Las Lajas Creek as part of the October 2009 fire management activities to 

help restrict potential downgradient migration of released petroleum product, These 

water control structures have restricted the hydrologic connection with the 

downgradient portion of Las Lajas Creek. They remain in-place and will be evaluated 

as part of the facility-wide corrective action. 

3.1.3 Sediment 

Anderson, Mulholland and Associates, Inc. collected sediment samples at nine 

locations in the creek, upstream and within the Facility boundary, as part of the Las 

Lajas Creek Human Health Assessment in June 2002. Anderson, Mulholland and 
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Associates, Inc. additionally collected bank soil samples at three locations north of the 

Facility’s WWTP. The laboratory analyzed the samples for VOCs, BNAs, 

polychlorinated biphenyls (PCBs), and metals (Anderson, Mulholland & Associates 

2003b). 

Constituent concentrations in the sediment and bank soil samples were historically 

compared to human health RBSLs for ingestion and migration to groundwater. For the 

ingestion pathway, detected concentrations were compared to USEPA Region III risk-

based concentrations for an industrial exposure. For the migration to groundwater 

pathway, detected concentrations were compared to USEPA Soil Screening Levels 

(SSLs) as presented in USEPA’s Soil Screening Guidance. SSLs based on a dilution-

attenuation factor (DAF) of 20 were used, due to the limited areal extent of sediment in 

the Creek and the bank of the Creek. Metal concentrations were also compared to 

background levels determined during the RFI investigation for the CPR facility. The 

Creek sediment and bank soil sample results and RBSLs/SSLs that were used for 
comparison are presented on Table 6. Sample locations are depicted on Figures 1 

through 7 of the Las Lajas Creek Assessment-Supplemental Bank and Sediment 

Sampling Report (Anderson, Mulholland & Associates 2003b). 

Results from the sediment samples indicated that constituents were not detected 

above RBSLs, except for arsenic and chromium. Arsenic was the only constituent 

above the soil ingestion RBSL. Arsenic was considered delineated, as it did not exceed 

background levels at the two most downstream locations. 

Results from bank soil samples also indicated that constituents were not detected 

above RBSLs, except for arsenic and chromium. Chromium exceeded its background 

concentrations, but arsenic did not. The potential impact of chromium on groundwater 

was proposed to be addressed as part of the CPR’s SGMP. Current (post-fire) 

sediment and bank soil conditions in the creek are unknown. 

3.1.4 Wetlands 

ARCADIS Puerto Rico conducted a Hydrogeomorphic Functional Assessment on the 

wetland that is situated in the northern 64 acres of the Facility in September 2011 

(ARCADIS Puerto Rico 2011c). The assessment concluded that: 

• Surface and subsurface water storage performance is currently reduced, which is 

likely due to the lack of organic material in the surface soil layer, as a result of the 
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October 2009 fires. It is expected that the organic layer will be replenished over 

time.  

• Nutrient cycling performance is good due to the presence of shrub stratum, and is 

expected to further improve with the replenishment of the organic layer. 

• The performance of organic carbon export is currently low due to the absence of 

organic material and the presence of the water control structures (underflow 

damn), which limits the hydrologic connection with the downstream portion of Las 

Lajas Creek. The water control structures in the wetland significantly limit the 

migration of dissolved and particulate organic carbon. Removal of the water control 

structures would likely improve the functional performance of the wetland. 

• The plant and habitat communities are in good condition, and are expected to 

further improve as the organic layer is replenished. 

• Residual oil or related indicators (odors, sheens, and staining) were not found in 

the vegetation, soil, or surface waters. 

Appendix D includes a copy of the Hydrogeomorphic Functional Assessment Report. 

Analytical samples have not been collected in the wetlands, and current constituent 

concentrations in the wetlands are unknown. 

3.1.5 Soil 

3.1.5.1 Surface Soil 

Surface soil samples (less than two feet below ground surface [bgs]) were collected at 

25 SWMUs/AOCs/areas during multiple investigations, as part of the RFI activities. The 

laboratory analyzed the samples for VOCs, BNAs, and/or metals. Arsenic 

concentrations in exceedance of the RSLs for Industrial Soil and Protection of 

Groundwater were detected at 25 SWMUs/AOCs, with levels ranging up to 93.2 mg/kg. 
Arsenic also exceeded its background level at 15 SWMUs/AOCs. Table 7 shows the 

maximum detected arsenic concentrations that exceed the surface soil screening level 

at the SWMUs/AOCs/areas during the investigations (USEPA 2004). The 2004 EI (the 

source of these data [USEPA 2004]), did not depict concentration values that were 

below the RBSL at the time (1.9 mg/kg). Only concentrations above the RBSLs were 

shown (see Table 7). Because constituent concentrations were not provided, it is 
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unknown if these values are above the most current, more stringent RSL (1.6 mg/kg) or 

the Protection of Groundwater RSL (0.0013 mg/kg).  

No other constituents were detected at concentrations above RBSLs at the time. 

Current (post-fire) surface soil concentrations are unknown. 

3.1.5.2 Subsurface Soil 

Subsurface soil (greater than two feet bgs) samples were collected at 31 

SWMUs/AOCs/areas during multiple investigations, as part of the RFI activities. The 

laboratory analyzed the samples for VOCs, BNAs, and/or metals. Exceedances of the 

RSLs for Industrial Soil or Protection of Groundwater were detected at 30 

SWMUs/AOCs. Parameters exceeding their respective RSLs include arsenic, 

vanadium, benzo(a)anthracene, and benzo(a)pyrene. Arsenic exceeded its Industrial 

Soil and Protection of Groundwater RSLs at 30 SWMUs/AOCs/areas, with 

concentrations ranging up to 138 mg/kg. Arsenic also exceeded its background level at 

18 SWMUs/AOCs/areas. Vanadium exceeded its Protection of Groundwater RSL and 

background level only at SWMU 34. Benzo(a)anthracene exceeded its Industrial Soil 

and Protection of Groundwater RSLs only at SWMU 11. Benzo(a)pyrene exceeded its 

Industrial Soil and Protection of Groundwater RSLs only at SWMUs 3 and 11. 

Contaminated soils in SWMU 11 were later excavated, as discussed in Section 2.7.3. 
Table 8 presents the maximum detected concentrations that exceeded subsurface soil 

screening levels at the SWMUS/AOCs/areas during the investigations (USEPA 2004). 

The source of these data (USEPA 2004) did not show concentration values that were 

below the Industrial Soil RBSLs at the time. Because constituent concentrations were 

not provided, it is unknown if these values are above the most current Industrial Soil 

RSLs or Protection of Groundwater RSLs.  

3.2 Status of Tanks 

The CAPECO tank farm consisted of 42 aboveground fuel storage tanks at the time of 

the explosion and fire. Tanks that were impacted by releases associated with the 2009 

incident are depicted on Figure H-1 in Appendix H. Areas specifically impacted by the 

2009 incident include: 

• Northern Tank Farm 

• Vicinity of WWTP 
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• Storm water channels 

The USEPA has dismantled 20 tanks since the fire (see tank footprints on Figure 2). 

PUMA is currently evaluating nine tanks for refurbishment, and five tanks for 

demolition. The fire damaged three of the fourteen tanks. These do not include the 

LPG bullet tanks since PUMA is evaluating what they will do with them. The other 

tanks are part of the upcoming demolition project. The fuel transfer pipeline from the 

PUMA dock to the terminal is also currently being refurbished in some areas, and 

replaced in areas where it was destroyed by the fire. 

Table 9 and Table 10 provide a summary of areas where cleanup activities have been 

conducted at the Facility by the USEPA, CAPECO and PUMA, and what contaminated 

media have been disposed of offsite, respectively. USEPA disposal information was 
obtained from the USEPA Pollution Reports. Figure H-2, included in Appendix H, 

depicts the areas that have been addressed. 

3.3 Status of Refinery 

The refinery is no longer in use and will be demolished by PUMA in accordance with 

the requirements of the “Agreement and Order of Consent for Demolition” (CERCLA-

02-2011-2003) between EPA and PUMA in May 2011. Work plans have been 

submitted to and approved by EPA and the demolition activities began in February 

2012. The work plan addresses all structures above ground surface as well as residual 

asbestos on surface soils. Any residual contamination discovered as part of or after 

completion of the demolition will be addressed under the 3008(h) Order. 

4. Current Activities and Development Plans 

Various parts of the Facility are under construction, and statuses are continuously 

changing. Appendix E presents a photographic log of Facility structures and features 

as of September 30, 2011. 

4.1 Construction Activities 

PUMA is currently continuing to address the remaining aboveground storage tanks and 

associated equipment that were damaged or destroyed as a result of the 2009 

explosion and fire. The following activities have been completed or are currently taking 

place at the Facility: 
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• PUMA has continued the tank cleaning and scrap storage that the USEPA began 

implementing after the 2009 fires. The majority of the tanks at the Facility will be 

dismantled. Figure 2 shows scrap metal storage and soil stockpile areas. 

• PUMA is evaluating the remaining tanks for refurbishing (Tank numbers 101 

through 106, 201 through 203, 501, 502, 601, 602, and 604), located on the 

southeastern portion of the Facility.  

• On-site pipelines have been drained, cleaned and removed. Additionally, the fuel 

transfer pipeline and its components (saddles, supports, and valves) from the 

loading dock are undergoing refurbishment. 

• Construction of a new storage tank 603 will take place in the area north of current 

tank 604. 

PUMA’s plans to redevelop the Facility will take place in a three phased approach, with 

the goal of creating a state-of-the art bulk fuel storage terminal. The phases of 

construction are:  Phase I - reconstruction and demolition, which includes 

environmental assessment and demolition of the existing refinery, control and 

warehouse buildings of the Facility; Phase II - construction of the tank farm to increase 

storage capacity to 1.39 million barrels; and Phase III - potential expansion to five-

million barrels capacity. Figure 7 shows these phases. 

Most of the individual SWMUs and AOCs identified in the 1995 RCRA Order will be 

excavated and removed. These will essentially disappear with construction/removal 

activities. 

4.2 Waste Management 

There are currently only two listed hazardous wastes managed at the Facility’s WWTP:  

F037 and K051 wastes. Non-hazardous wastes generated as part of the tank cleaning 

and other redevelopment activities are stored in the designated staging areas, where 

these are sampled for characterization and transported for off-site disposal. Scrap 

metal from tank and pipe dismantling is also stored in the designated scrap storage 

areas. 
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5. Data Gaps 

There are currently several data gaps that have been identified during post-fire 

assessments. Additional areas at the Facility need to be studied to assess the 

possibility and magnitude of contamination from releases that occurred as a result of 

the 2009 fires while the majority of the RFI was completed as per the RCRA Order. We 

have summarized these below: 

• Extent of groundwater contamination:  It is unknown if the fires affected the 

groundwater quality at the Facility. 

• Extent of soil contamination:  It is unknown if releases from the fires resulted in 

additional soil contaminants. 

• Extent of LNAPL plumes:  It is not anticipated that the 2009 fires changed 

underlying conditions. The underground LNAPL recovery system was however 

destroyed as a result of the fires. 

• Potential impacts to Las Lajas Creek and the wetlands:  The creek and wetland are 

located downgradient of the origin of the fires, and it is unknown if run-off traveled 

to these areas. The wetland assessment conducted by ARCADIS Puerto Rico in 

September 2011 did not find indications of residual product, but the current 

analytical concentrations in the soils, sediments, and surface waters of the 

wetlands and creeks are unknown.  

6. Work Recommendations 

As mentioned above, construction/excavation activities will take place in a phased 

approach following the initial post-fire response activities in order to re-structure the 

Facility appropriately as a bulk fuel storage terminal. As construction and development 

activities continue, additional interim removal activities may be proposed at any time as 

per the RCRA Order. 

Most of the individual SWMUs and AOCs identified in the 1995 RCRA Order will be 

excavated or removed, and will essentially disappear with construction activities. 

Revised SWMUs and AOCs that are more applicable to the current conditions of the 

Facility will be identified based on the findings of the proposed environmental 

assessments discussed below. In addition to the phased construction activities, the 
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following general activities are recommended to assess the current environmental 

conditions at the Facility: 

• Delineate groundwater contamination 

– PUMA will evaluate all current monitoring and recovery wells at the Facility that were 
damaged or destroyed in the 2009 fires. PUMA will also evaluate wells that were not 
impacted (because historical information on the construction and screened intervals of 
the wells is limited) to determine if they are of acceptable quality.  

– PUMA will install replacement wells once the survey is complete in accordance with 
the construction schedule of the new tanks and buildings. 

– In addition, PUMA will install additional wells along the southern and eastern borders of 
the Facility in order to establish background levels that are potentially migrating from 
upgradient and side-gradient sources. This task will include the replacement of any 
damaged well in the northern part of the Facility. 

– PUMA will initiate a site-wide groundwater sampling event after the wells have been 
installed to establish baseline concentrations. Samples will be analyzed for the same 
parameters as previously analyzed for/detected (VOCs +MTBE, BNAs and dissolved 
mercury, lead, chromium and arsenic). The sample analytes list will be reduced as 
necessary once contaminant levels are identified to focus on potential constituents of 
concern. Routine sampling will commence, and new wells will be added to the well 
network, as necessary, in accordance with PUMA’s construction phases. 

• Delineate soil contamination 

– PUMA will collect surface soil samples in the areas where soil removal activities will 
take place due to cleaning and or expansions, in accordance with the final design of 
the Facility, in order to assess current surface soil conditions. Subsurface samples will 
be collected in the affected areas if surface contamination is noted. Analytes will 
consist of the same analytes as historically detected, depending on the area. 

– Geotechnical soil borings may be collected to establish ground stability information as 
part of the construction activities. Environmental sampling for laboratory analyses will 
be performed in conjunction with this. Details regarding what samples will be collected, 
and what parameters will be analyzed for, will be presented in a work plan. The 
number of delineation borings will be determined based on hot spots that are identified 
during the field activities.  

– Delineate LNAPL plume 

– This will be completed in conjunction with groundwater sampling and soil boring 
activities. LNAPL thicknesses will be gauged routinely and in accordance with the 
construction project phases once the new wells are installed. 

– The LNAPL recovery system will also be reconstructed, and recovery activities will 
commence as soon as practicable in accordance with the construction project phases. 

• Delineate potential impacts to Las Lajas Creek and the wetlands 

– Sediment and surface water samples will be collected in the creek 
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– Sediment and surface water samples will be collected in the wetlands  

– The water control structures (underflow damn) that are currently installed in the 
wetlands will be removed. These structures significantly limit the hydrologic connection 
with the downstream portions of Las Lajas Creek, and limit the downgradient migration 
of dissolved and particulate organic carbon. The functional performance of the wetland 
will likely increase with removal of the damn. 

• All media will be analyzed for VOCs +MTBE, BNAs, lead, chromium, mercury and 

arsenic. Soil data will be compared to the most recent USEPA Industrial RSLs 

(onsite data), Residential RSLs (offsite data) and Protection of Groundwater RSLs 

(onsite and offsite). Sediment sample data will be compared to the applicable 

sediment screening benchmarks. Onsite and offsite groundwater data will be 

compared to USEPA Tapwater RSLs. MCLs and MCL-based SSLs will be used for 

comparison where RSLs are not available. Following data evaluation, it will be 

determined if a Human Health and/or Ecological Risk Assessment is warranted for 

the proposed future use of the property. 

• If evaluation of data reveals that there is a potential vapor intrusion issue, PUMA 

will conduct a vapor intrusion assessment. 

PUMA will submit a work plan outlining the details associated with the implementation 

of these investigations upon USEPA approval of these proposed activities. As activities 

continue, additional interim activities may be proposed at any time as per the RCRA 

Order.  

Upon completion of investigative activities, the most recent sample data will be used to 

conduct revised EI assessments for “Current Human Exposures” and “Migration of 

Contaminated Groundwater”. 
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GROUNDWATER CONTOUR MAP -
ZONE B - JUNE-JULY 2009
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FREE-PHASE HYDROCARBON
PLUME AREA
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Appendix A 

 

1995 RCRA Order 

  































































































































































































































Appendix B 

 

Aerial Photo Log 

  



Current Conditions  
Report – Former CPR  
Facility - Bayamón, PR 
 

421121869 1 

Aerial Photo Log 

Facility in 2005 



Current Conditions Report – Former 
CPR Facility - Bayamón, PR 

421121869 2 

Aerial Photo Log 

Facility During Fire (October 2009) 



Current Conditions Report – Former 
CPR Facility - Bayamón, PR 

421121869 3 

Aerial Photo Log 

Facility After Fire (October 2009) 



Current Conditions Report – Former 
CPR Facility - Bayamón, PR

Aerial Photo Log

y y ,

421121869 4

Wetland After Fire (October 2009)



Current Conditions Report – Former 
CPR Facility - Bayamón, PR 

421121869 5 

Aerial Photo Log 

Facility in July 2011 



Current Conditions Report – Former 
CPR Facility - Bayamón, PR 

421121869 6 

Aerial Photo Log 

Facility in July 2011 



Current Conditions Report – Former 
CPR Facility - Bayamón, PR 

421121869 7 

Aerial Photo Log 

Wetland in July 2011 

 



Appendix C 

 

USEPA’s Environmental Indicator 

Assessments (2008) 

  



Caribbean Petroleum Refining, LP (CPR) 
CA750 

 

DOCUMENTATION OF ENVIRONMENTAL INDICATOR DETERMINATION  
 

RCRA Corrective Action 
Environmental Indicator (EI) RCRIS code (CA750) 

Migration of Contaminated Groundwater Under Control  
 

 
Facility Name:  Caribbean Petroleum Refining, LP (CPR) 
Facility Address:  Bayamón, Puerto Rico 
Facility EPA ID#:  PRD-00632182 
 
Definition of Environmental Indicators (for the RCRA Corrective Action) 
 
Environmental Indicators (EI) are measures being used by the Resource Conservation and Recovery Act 
(RCRA) Corrective Action program to go beyond programmatic activity measures (e.g., reports received 
and approved, etc.) to track changes in the quality of the environment.  The two EIs developed to-date 
indicate the quality of the environment in relation to current human exposures to contamination and the 
migration of contaminated groundwater.  An EI for non-human (ecological) receptors is intended to be 
developed in the future.   
 
Definition of “Migration of Contaminated Groundwate r Under Control” EI  
 
A positive “Migration of Contaminated Groundwater Under Control” EI determination (“YE” status 
code) indicates that the migration of “contaminated” groundwater has stabilized, and that monitoring will 
be conducted to confirm that contaminated groundwater remains within the original “area of 
contaminated groundwater” (for all groundwater “contamination” subject to RCRA corrective action at or 
from the identified facility (i.e., site-wide)).   
 
Relationship of EI to Final Remedies 
 
While final remedies remain the long-term objectives of the RCRA Corrective Action program, the EIs 
are near-term objectives which are currently being used as Program measures for the Government 
Performance and Results Act of 1993 (GPRA).  The “Migration of Contaminated Groundwater Under 
Control” EI pertains ONLY to the physical migration (i.e., further spread) of contaminated groundwater 
and contaminants within groundwater (e.g., non-aqueous phase liquids or NAPLs).  Achieving this EI 
does not substitute for achieving other stabilization or final remedy requirements and expectations 
associated with sources of contamination and the need to restore, wherever practicable, contaminated 
groundwater to be suitable for its designated current and future uses. 
 
Duration / Applicability of EI Determinations  
 
EI Determination status codes should remain in the RCRIS national database ONLY as long as they 
remain true (i.e., RCRIS status codes must be changed when the regulatory authorities become aware of 
contrary information).  
 
Facility Information  
 
The Caribbean Petroleum Refining, LP (CPR) facility is located in the Luchetti Industrial Park in 
Bayamón, Puerto Rico, approximately three miles south of the island’s coast with the Atlantic Ocean.  
The CPR site encompasses approximately 179 acres, of which 115 are developed.  The facility is divided 
into four general areas: tank farm area, process area, administration area, and wastewater treatment plant 



Caribbean Petroleum Refining, LP (CPR) 
CA750 
Page 2 

 

area.  In addition, CPR owns and operates a loading dock facility on San Juan Bay in Guaynabo, 
approximately two and one-half miles northeast of the main facility (Ref. 1). 
 
Petroleum refining operations commenced at the site in 1955 under the name of Caribbean Refining 
Corporation.  The facility was purchased in 1962 by the Gulf Oil Corporation, at which time the name 
was changed to Caribbean Gulf Refining Corporation.  Chevron Corporation acquired ownership of the 
facility when it purchased Gulf Oil Corporation in 1984.  In 1987, the facility was sold to First Oil 
Corporation and now operates as an independent refinery.  Until cessation of operations in 2000, CPR 
operated a 48,000-barrel a day petroleum refining facility at the site.  CPR now operates the facility as a 
petroleum product storage and distribution facility, although refining operations may commence again 
sometime in the future (Ref. 1).   
 
The CPR site is bounded to the west and southwest by industrial and commercial facilities, and to the 
south and east by Fort Buchanan, a U.S. military reservation.  Highway 28 separates the CPR facility 
from an industrial/commercial area to the southwest and from the Fort Buchanan property.  An 
undeveloped land area owned by CPR is situated north of the operations area and extends about 1,000 feet 
(ft) north to Highway 22, a major thoroughfare in the Bayamón area.  Swampy, undeveloped land, an 
industrial facility, and a small residential community occur north of Highway 22 (Ref. 2). 
 
Hazardous wastes historically managed at the site include primary oil/water/solids separation sludge 
(F037), secondary oil/water/solids separation sludge (F038), slop oil emulsion solids (K049), heat 
exchanger bundle solids (K050), API separator sludge (K051), ignitable waste (D001), and toxicity 
characteristic (benzene) wastewater (D018) (Ref. 2). 
 
CPR has two on-site water wells which are completed in the carbonate formations underlying the facility.  
However, only one of the wells (North well) is currently being used.  Water from this well is used for 
process purposes only.  Drinking water at the site is provided by a municipal supply system (Ref. 2). 
 
Two general hydrogeologic units occur at the CPR facility.  The uppermost unit is a clayey silt 
overburden, which contains a low permeability semi-perched layer and a permeable water-bearing zone 
(referred to as Zone A in CPR documents).  Borehole information from the CPR facility shows that the 
overburden thickness varies from about 10 feet at the southern perimeter of the facility to about 90 feet at 
the northern perimeter (Ref. 3).  The underlying second unit is an unlithified carbonate sediment.  The 
water-bearing zone in the unlithified carbonate sediment is referred to as Zone B in CPR documents 
(Ref. 1).   
 
During an April 2008 groundwater monitoring event, the general horizontal groundwater flow direction in 
Zone A was reported to be generally to the north, although localized mounds and depressions occurred in 
the central portion of the facility.  Groundwater flow direction in Zone B ranged from north to northeast.  
An easterly flow component also was reported in the northern portion of the facility (Ref. 3).   
 
Surface water bodies that traverse through the CPR facility are Las Lajas and Diego Creeks.  Las Lajas 
Creek is a low-flow, shallow stream that originates in the hills south of the facility, traverses through the 
north-central part of the facility and eventually discharges into San Juan Bay, located about 1.75 miles 
north of the facility.  Las Lajas Creek is channeled underground as it enters the facility and returns to an 
open channel north of the facility’s wastewater treatment plant area (WWTP).  Diego Creek is a shallow 
low-flow creek that traverses through the northwest portion of the CPR site (Ref. 1 and 2).   
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1. Has all available relevant/significant information on known and reasonably suspected releases to 
the groundwater media, subject to RCRA Corrective Action (e.g., from Solid Waste Management 
Units (SWMU), Regulated Units (RU), and Areas of Concern (AOC)), been considered in this EI 
determination? 

 
  X  If yes - check here and continue with #2 below. 
 
  If no - re-evaluate existing data, or 
 
  If data are not available, skip to #8 and enter “IN” (more information needed) status code. 

  
  
Summary of Solid Waste Management Units (SWMUs) and Areas of Concern (AOCs): 
 
An Administrative Order on Consent was executed by EPA and CPR in October 1995 to investigate 32 
solid waste management units (SWMUs)/Areas of Concern (AOCs), Las Lajas Creek Sediment, the 
facility Process Sewer, and the groundwater beneath the site.  A RCRA Facility Investigation (RFI) is 
currently being performed at the facility, which includes a Sitewide Groundwater Monitoring Program 
(SGMP) (Ref. 2). 
 
Interim measure activities consist of measurement and recovery of petroleum hydrocarbon light non-
aqueous phase liquid (LNAPL) and groundwater monitoring.  The CPR groundwater recovery monitoring 
system consists of 131 groundwater monitoring wells, 16 of which are sampled in March and 10 of which 
are sampled in September of every year to assess the downgradient migration of dissolved constituents 
from the LNAPL plumes.  In addition, quarterly water level and/or product thickness measurements are 
also collected at the 131 monitoring wells.  Monthly measurements are made at 63 of the wells (Ref. 4).  
LNAPL is routinely recovered at 60 wells.  Twenty-two of the 60 recovery wells are equipped with 
pneumatic ejector pumps.  Additional product is recovered from the remaining 38 wells by manual 
bailing.  For the reporting period of October through December 2007, 873 gallons of product were 
recovered, and for the reporting period of January through March 2008, 265 gallons of product were 
recovered.  As of March 2008, the total amount of product recovered since October 1991 was 80,368 
gallons (Ref. 4 and 9).   
 
RCRA closure of the Equalization Basin at the WWTP was completed in August 1999.  Closure activities 
consisted of dewatering the basin, stabilization of the residual sludge, backfilling the basin, installing an 
impermeable clay and flexible membrane liner cap, installing a drainage layer, and installing a vegetative 
cap.  Groundwater sampling is performed on an annual basis.  Groundwater monitoring of this unit has 
been conducted since 1991, and was incorporated into the SGMP as part of corrective action in 2002.  As 
per the sampling schedule in the SWGP, groundwater sampling at the former Equalization Basin was 
performed on a semi-annual basis during the three-year period of 2003 through 2005. Sampling is 
presently being performed every March, on an annual basis.  Annual sampling began during 2006 and 
will continue through 2010.  Sampling will be discontinued after 2010, if contaminant levels are less than 
EPA maximum contaminant levels (MCLs) in all wells and if there is no trend of increasing concentration 
(Ref.5). 
 
In July 2006, an Interim Corrective Measures (ICM) Work Plan, Revision 2.0, was submitted to EPA.  
The ICM proposed soil excavation in the area of the former Old Oil Lagoons, so that a new tank for the 
CPR facility could be constructed in the area.  An Addendum to the ICM Work Plan was submitted in 
March 2008.  The tank has since been installed; however, EPA has not yet issued a no further action letter 
for the area under the tank.  Additional information on the ICM was requested from the facility.  
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Concentrations of constituents of concern remain above levels which are protective of groundwater as 
indicated in Table 1 below (Ref. 7). 
 
Results from soils sampling conducted at SWMU 11 in support of the ICM include the following 
contaminants which are above the soil screening levels (SSLs) for protection of groundwater for a 
dilution attenuation factor (DAF) of 20 (Ref. 7): 
 

Table 1- ICM SWMU 11 Soil Data Above SSLs 
Contaminant (SSL1) Detected Concentration Sampling Location Depth Range of Sample 
    
Arsenic (29)  41.8 Fg/L  PR – 1 10.5 – 11.0 
 95.8 Fg/L  PR – 4   5.0 –   5.5 
 99.4 Fg/L PR – 7   9.5 – 10.0 
 78.0 Fg/L PR – 7D   9.5 – 10.0 
 79.8 Fg/L PR – 8 11.3 – 11.8 
 115Fg/L  PR – 8 15.5 – 16.0 
 49.6 Fg/L  PR – 14 10.0 – 10.5 
Chromium (422) 188 Fg/L PR –  3   8.0 –   8.5 
 1560 Fg/L PR –  3D   8.0 –   8.5 
 1070 Fg/L  PR – 3 12.6 – 13.1 
   130 Fg/L  PR – 4   5.0 –   5.5 
 1080 Fg/L  PR – 5   8.5 –   9.0 
   161 Fg/L PR – 5 13.0 – 13.5 
   139 Fg/L  PR – 7   9.5 – 10.0 
   117 Fg/L  PR – 7D   9.5 – 10.0 
   112 Fg/L  PR – 8 11.3 – 11.8 
   105 Fg/L  PR – 13   6.2 –   6.8 
   194 Fg/L  PR – 14 10.0 – 10.5 
2-Methylnaphthalene (18,000) 166,000 Fg/L PR – 14 10.0 –10.5 
Benzo(a)anthracene (6,2003) 18,100 Fg/L PR – 14 10.0 –10.5 
Benzo(a)pyrene (6,2003) 16,200 Fg/L PR – 14 10.0 –10.5 
Benzo(b)flouranthene (6,2003) 6,600 Fg/L PR – 14 10.0 –10.5 
    
1 SSL Values Taken From Ref. 8.   
2 Only those values which exceeded the site-specific background value for chromium of 86 Fg/L were included in 

the Table.   
3 The benzo(a)pyrene MCL-based SSL was used in lieu of the risk-based SSL.   
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2. Is groundwater known or reasonably suspected to be “contaminated”1 above appropriately 
protective “levels” (i.e., applicable promulgated standards, as well as other appropriate standards, 
guidelines, guidance, or criteria) from releases subject to RCRA Corrective Action, anywhere at, 
or from, the facility?  

 
  X  If yes - continue after identifying key contaminants, citing appropriate “levels,” and 

referencing supporting documentation. 
 
    If no - skip to #8 and enter “YE” status code, after citing appropriate “levels,” and 

referencing supporting documentation to demonstrate that groundwater is not 
“contaminated.” 

 
    If unknown - skip to #8 and enter “IN” status code. 

 
Rationale: 
 
Appropriately protective “levels” for the CPR facility include the federal MCLs and, where MCLs are not 
available, the Regional Screening Levels should be used (Ref. 8).   
 
For lead, the EPA action level of 15 micrograms per liter (Fg/l) was used as a groundwater screening 
level.  For methyl tert butyl ether (MTBE), the acceptable drinking water guideline of 12 Fg/l was used.   
 
Groundwater sampling is conducted at select wells semi-annually for the underground recovery system 
(Ref. 4), and annually at select wells associated with the former Equalization Basin (Ref. 5).   
 
Of the 131 groundwater monitoring wells in CPR’s underground recovery monitoring system, 16 of these 
wells are used for the groundwater sampling program.  The 16 wells selected are intended to provide 
information for evaluating potential downgradient migration of dissolved constituents from the FPH 
plume at the facility.  Five of the sampled wells monitor the upper clayey sediment water-bearing zone 
(Zone A) and 11 monitor the unlithified carbonate sediment zone (Zone B) (Ref. 3). 
 
The last comprehensive groundwater sampling events were conducted as part of the SGMP in May-July 
2003 and October 2003.  At that time, groundwater samples were collected from 51 monitoring wells and 
11 direct-push locations (Ref. 1).  Additional groundwater sampling at select wells has also been 
conducted between October 2003 and the present to address identified data gaps.   
 
Petroleum hydrocarbons are present in upper clayey sediment and carbonate sediment water bearing 
zones at concentrations high enough to create LNAPLs.  Water levels and product thicknesses are 
measured routinely in 131 monitoring wells throughout the facility as part of CPR’s underground 
recovery monitoring system.  Sixty of those wells are routinely pumped to remove free product (Ref. 9)  
 
Sixteen monitoring wells have also been sampled for benzene, toluene, ethylbenzene, xylene, and 
dissolved lead since 1991.  Dissolved lead was detected at wells MW-15A, MW-37A, MW-77B and 
MW-78B at concentrations ranging from 3.0 to 20.0 Fg/L.  The concentration at well MW-37A of 
20.0 Fg/L was the only detection above the lead screening level of 15 Fg/L.  Evaluation of historical 
results for dissolved lead shows the general absence of dissolved lead at the facility.  The dissolved lead 

                                                
1 “Contamination” and “contaminated” describes media containing contaminants (in any form, NAPL and/or 
dissolved, vapors, or solids, that are subject to RCRA) in concentrations in excess of appropriate “levels” 
(appropriate for the protection of the groundwater resource and its beneficial uses).  
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detection above the action level at well MW-37A during the current sampling event was not expected and 
is inconsistent with historical results (Ref 3). 
 
Six monitoring wells have been sampled for dissolved arsenic since March of 2004 (MW-20B, MW-21B, 
MW-75B, MW-76B2, MW-77B, and MW-78B).  Dissolved arsenic was detected at well, MW-78B in 
April 2008 at a concentration of 4.0 Fg/L, which is below the arsenic screening level of 10 Fg/L (Ref 3). 
 
Mercury has been detected at levels just about the MCL along the northern boundary of the site.  
Monitoring wells MW-21B and MW-78B have been sampled multiple times for mercury.  Historic 
groundwater sampling for mercury at the CPR facility has been performed since March 1996.  Mercury 
was detected at least once at 13 out of 52 monitoring wells.  The four rounds of groundwater sampling for 
mercury (between June 2006 and December 2007) were performed at these wells, plus at one additional 
well (Well MW-17B) for delineation purposes.  Dissolved mercury concentrations were below the 
screening level of 2 Fg/L at all 14 sampled monitoring wells.  Total mercury results were below the 
screening level at all monitoring wells, except MW-21B and MW-78B.  Total mercury exceeded its 
screening level at well MW-21B (2.3 Fg/L) only in July 2006 and at well MW-78B (2.2 Fg/L) only in 
June 2007 where well construction and geologic characteristics make it difficult to obtain a sample 
without high turbidity (Ref 10).   
 
In an April 2008 sampling event, dissolved mercury was detected at MW-78B (0.22 Fg/L), below its 
screening level of 2 Fg/L.  The low level detection of mercury at this well is consistent with previous 
sampling events.  Total and dissolved mercury were detected at MW-14A2 at 0.59 Fg/L and 0.70 Fg/L, 
respectively, which are below the mercury screening level. (Ref 3) 
 
Mercury data well MW-21B shows an overall decreasing concentration trend for dissolved mercury. 
Dissolved mercury has been below its screening level since September 1999, with one exception (2.2 
Fg/L in May 2003).  The total mercury results are highly variable and show a poor correlation to 
dissolved results.  The TSS data for well MW-21B show low values, except for July 2006 (8 J mg/L), 
during which time the total mercury level (2.3 Fg/L) exceeded the screening level, which is suggestive of 
high bias due to sample turbidity.  Historical exceedances for total mercury also occurred in October and 
May 2003 (3.4 and 8.3 Fg/L, respectively).  Review of field notes from these two sampling rounds 
showed that the sample was slightly silty indicating sample turbidity. 
 
In addition, during the April 2008 sampling event, samples were collected and analyzed for volatile 
organic compounds (VOCs) from well MW-30B.  VOC detections at well MW-30B (located in the west-
central part of the facility) consisted of 1,2-dichloropropane above its MCL of 5 ug/L (58.1 Fg/L) and 
1,2-dichloroethane below its MCL of 5 Fg/L (3.8 Fg/L).  The detection of 1,2-dichloropropane is within 
the range of recent samples of 28.9 Fg/L (March 2006) and 74.6 Fg/L (June 2007) (Ref. 3). 
 
VOCs were detected during the April 2008 sampling event.  The VOC detections at well MW-14B 
(located in the central part of the facility, downgradient of the FPH plume) consisted of BTEX 
constituents with total BTEX concentrations of 3.95 Fg/L.  None of the individual BTEX concentrations 
exceeded MCLs.  No other VOCs were detected at well MW-14B.  (Ref. 3) 
 
Trichloroethylene and vinyl chloride have been detected in monitoring wells along the eastern boundary 
of CPR.  This plume is considered part of a larger plume located primarily on the property of Fort 
Buchanan, located east of CPR.  Fort Buchanan is currently in the process of identifying the source and 
evaluating the need for remedial actions for this plume. 
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3. Has the migration of contaminated groundwater stabilized (such that contaminated groundwater 
is expected to remain within “existing area of contaminated groundwater”2 as defined by the 
monitoring locations designated at the time of this determination)? 

 
  X  If yes - continue, after presenting or referencing the physical evidence (e.g., groundwater 

sampling/measurement/migration barrier data) and rationale why contaminated 
groundwater is expected to remain within the (horizontal or vertical) dimensions of the 
“existing area of groundwater contamination”2.   

 
     If no (contaminated groundwater is observed or expected to migrate beyond the  
   designated locations defining the “existing area of groundwater contamination”2) - skip to  
   #8 and enter “NO” status code, after providing an explanation. 
 
     If unknown - skip to #8 and enter “IN” status code. 
 
Rationale: 
 
Petroleum hydrocarbons are present in upper clayey sediment and carbonate sediment water bearing 
zones at concentrations high enough to create LNAPLs.  Water levels and product thicknesses are 
measured routinely in 131 monitoring wells throughout the facility.  Sixty of those wells are routinely 
pumped to remove free product.  Twenty-two of the 60 recovery wells are equipped with pneumatic 
ejector pumps.  Additional product is recovered from 38 supplemental wells by bailing; product is 
recovered weekly from 28 of the wells and monthly from 10 of the wells.  Maps of the free product 
locations and thicknesses indicate all LNAPLs are within site boundaries (Ref. 3 and 9) 
 
The BTEX source associated with MW-14B is interpreted to be from dissolution of the FPH plume with 
subsequent downgradient transport.  The combined effects of dilution, dispersion, adsorption, 
volatilization, and biodegradation appear to reduce the concentration of any dissolved hydrocarbons 
downgradient of the plume and prevent off-site migration.  Wells MW-15A and MW-16A are located 
nearest to the FPH plume upgradient of the CPR equalization basin.  April 2008 and historical data for 
wells 15A and 16A show BTEX compounds have not been detected for more than ten years.  Thus, the 
plume is unlikely to have an impact on groundwater monitoring results for the equalization basin (Ref. 3). 
 
Sampling was performed at well MW-30B for VOCs in June 2007 in response to EPA’s June 2006 email 
since 1,2-dichloropropane was detected above its MCL.  This constituent was not detected in any 
downgradient wells and its potential presence at well MW-30B appears to be localized (Ref. 3). 
 
VOC detections at well MW-30B (located in the west-central part of the facility) consisted of 1,2-
dichloropropane above its MCL of 5 ug/L (58.1 ug/L) and 1,2-dichloroethane below its MCL of 5 Fg/L 
(3.8 Fg/L).  The detection of 1,2-dichloropropane is within the range of recent samples of 28.9 Fg/L 
(March 2006) and 74.6 Fg/L (June 2007). 
 

                                                
2 “Existing area of contaminated groundwater” is an area (with horizontal and vertical dimensions) that has been 
verifiably demonstrated to contain all relevant groundwater contamination for this determination, and is defined by 
designated (monitoring) locations proximate to the outer perimeter of “contamination” that can and will be 
sampled/tested in the future to physically verify that all “contaminated” groundwater remains within this area, and 
that the further migration of “contaminated” groundwater is not occurring.  Reasonable allowances in the proximity 
of the monitoring locations are permissible to incorporate formal remedy decisions (i.e., including public 
participation) allowing a limited area for natural attenuation.  
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4. Does “contaminated” groundwater discharge into surface water bodies?   
 
     If yes - continue after identifying potentially affected surface water bodies.  
 

  X   If no - skip to #7 (and enter a “YE” status code in #8, if #7 = yes) after providing an 
explanation and/or referencing documentation supporting that groundwater 
“contamination” does not enter surface water bodies. 

   
     If unknown - skip to #8 and enter “IN” status code. 
 
Rationale: 
 
Surface water bodies that traverse through the CPR facility are Las Lajas and Diego Creeks.  Las Lajas 
Creek is a low-flow, shallow stream that originates in the hills south of the facility, traverses through the 
north-central part of the facility and eventually discharges into San Juan Bay, located about 1.75 miles 
north of the facility.  Las Lajas Creek is channeled underground as it enters the facility and returns to an 
open channel north of the facility’s WWTP area.  Once Las Lajas Creek has passed through the facility 
proper, much of the flow is outfall discharge.  Diego Creek is a shallow low-flow creek that traverses 
through the northwest portion of the CPR site (Ref. 1 and 2). 
 
Groundwater discharge from the overburden water-bearing zone to Las Lajas Creek was indicated as part 
of the Las Lajas Creek Assessment.  Thus, groundwater sampling results from shallow wells nearby and 
adjacent to the creek (Monitoring Wells MP-1, MP-5A, MP-9, MP-10, MW-86A, MW-110A, and MW-
111A) are used to demonstrate surface water environmental indicators.  None of the results from these 
wells show any constituents of concern above groundwater screening levels.  Total arsenic and vanadium 
were detected above screening levels at Monitoring Well MW-110A during the July 2004 sampling event; 
however, the dissolved metals results were below screening levels.  High turbidity occurred in the 
groundwater sample, which biased high the total metals results.  Therefore, the dissolved arsenic and 
vanadium results are considered to be more representative than the total metals results for this sampling 
event.  Resampling of Monitoring Well MW-111A in September of 2004 showed that both total and 
dissolved metals were below screening levels, which confirms the dissolved metals results from July 
2004.  Therefore, no impact to surface water due to groundwater is indicated (Ref. 1). 
 
Further, no LNAPL plumes occur adjacent to Las Lajas Creek, hence to impact to surface water from the 
LNAPL plumes is indicated.  As discussed above, the LNAPL plumes are stable and not migrating 
(Ref. 1). 
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5. Is the discharge of “contaminated” groundwater into surface water likely to be “insignificant”  
(i.e., the maximum concentration3 of each contaminant discharging into surface water is less than 
10 times their appropriate groundwater “level,” and there are no other conditions (e.g., the nature, 
and number, of discharging contaminants, or environmental setting), which significantly increase 
the potential for unacceptable impacts to surface water, sediments, or eco-systems at these 
concentrations)? 

 
     If yes - skip to #7 (and enter “YE” status code in #8 if #7 = yes), after documenting:  

1) the maximum known or reasonably suspected concentration3 of key contaminants 
discharged above their groundwater “level,” the value of the appropriate “level(s),” and if 
there is evidence that the concentrations are increasing; and 2) provide a statement of 
professional judgment/explanation (or reference documentation) supporting that the 
discharge of groundwater contaminants into the surface water is not anticipated to have 
unacceptable impacts to the receiving surface water, sediments, or ecosystem. 

 
     If no - (the discharge of “contaminated” groundwater into surface water is potentially  

significant) - continue after documenting: 1) the maximum known or reasonably 
suspected concentration3 of each contaminant discharged above its groundwater “level,” 
the value of the appropriate “level(s),” and if there is evidence that the concentrations are 
increasing; and 2) for any contaminants discharging into surface water in concentrations3 
greater than 100 times their appropriate groundwater “levels,” the estimated total amount 
(mass in kg/yr) of each of these contaminants that are being discharged (loaded) into the 
surface water body (at the time of the determination), and identify if there is evidence that 
the amount of discharging contaminants is increasing.   

 
     If unknown - enter “IN” status code in #8. 
 
Rationale: 
 
Not Applicable 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
3 As measured in groundwater prior to entry to the groundwater-surface water/sediment interaction (e.g., hyporheic) 
zone. 
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6. Can the discharge of “contaminated” groundwater into surface water be shown to be “currently  
acceptable” (i.e., not cause impacts to surface water, sediments or eco-systems that should not be 
allowed to continue until a final remedy decision can be made and implemented4)? 

 
     If yes - continue after either: 1) identifying the Final Remedy decision incorporating  

these conditions, or other site-specific criteria (developed for the protection of the site’s 
surface water, sediments, and ecosystems), and referencing supporting documentation 
demonstrating that these criteria are not exceeded by the discharging groundwater; OR  
2) providing or referencing an interim-assessment5, appropriate to the potential for 
impact, that shows the discharge of groundwater contaminants into the surface water is 
(in the opinion of a trained specialist, including an ecologist) adequately protective of 
receiving surface water, sediments, and ecosystems, until such time when a full 
assessment and final remedy decision can be made.  Factors which should be considered 
in the interim-assessment (where appropriate to help identify the impact associated with 
discharging groundwater) include: surface water body size, flow, 
use/classification/habitats and contaminant loading limits, other sources of surface 
water/sediment contamination, surface water and sediment sample results and 
comparisons to available and appropriate surface water and sediment “levels,” as well as 
any other factors, such as effects on ecological receptors (e.g., via bio-assays/benthic 
surveys or site-specific ecological Risk Assessments), that the overseeing regulatory 
agency would deem appropriate for making the EI determination. 

 
     If no - (the discharge of “contaminated” groundwater can not be shown to be “currently    
   acceptable”) - skip to #8 and enter “NO” status code, after documenting the currently    
   unacceptable impacts to the surface water body, sediments, and/or ecosystem. 
 
     If unknown - skip to 8 and enter “IN” status code. 
 
Rationale: 
 
Not Applicable 
 
 
 
 
 

                                                
4 Note, because areas of inflowing groundwater can be critical habitats (e.g., nurseries or thermal refugia) for many 
species, appropriate specialist (e.g., ecologist) should be included in management decisions that could eliminate 
these areas by significantly altering or reversing groundwater flow pathways near surface water bodies. 

5 The understanding of the impacts of contaminated groundwater discharges into surface water bodies is a rapidly 
developing field and reviewers are encouraged to look to the latest guidance for the appropriate methods and scale 
of demonstration to be reasonably certain that discharges are not causing currently unacceptable impacts to the 
surface waters, sediments or eco-systems. 
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7. Will groundwater monitoring /measurement data (and surface water/sediment/ecological data, as 
necessary) be collected in the future to verify that contaminated groundwater has remained within 
the horizontal (or vertical, as necessary) dimensions of the “existing area of contaminated 
groundwater?” 

 
  X  If yes - continue after providing or citing documentation for planned activities or future 

sampling/measurement events.  Specifically identify the well/measurement locations 
which will be tested in the future to verify the expectation (identified in #3) that 
groundwater contamination will not be migrating horizontally (or vertically, as 
necessary) beyond the “existing area of groundwater contamination.”   

 
     If no - enter “NO” status code in #8. 
 
     If unknown - enter “IN” status code in #8. 
 
Rationale:   
 
Groundwater sampling is conducted at select wells semi-annually for the underground recovery system 
(Ref. 4), and annually at select wells associated with the former Equalization Basin (Ref. 5).  The last 
comprehensive groundwater sampling events were conducted as part of the SGMP in May-July 2003 and 
October 2003.  At that time, groundwater samples were collected from 51 monitoring wells and 11 direct-
push locations (Ref. 1).  Additional groundwater sampling at select wells has also been conducted 
between October 2003 and the present to address identified data gaps.   
 
Groundwater sampling for underground recovery system will continue on a semiannual basis.  The next 
sampling event is scheduled for September 2008 (Ref. 3).  Water level and product thickness 
measurements will continue on a monthly and quarterly basis (Ref. 9). 
 
Annual sampling for the former Equalization Basin began during 2006 and will continue through 2010. 
Sampling will be discontinued after 2010, if contaminant levels are less than EPA MCLs in all wells and 
if there is no trend of increasing concentration (Ref. 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Caribbean Petroleum Refining, LP (CPR)
CA750

Page 12

8. Check the appropriate RCRIS status codes for the Migration of Contaminated Groundwater
Under Control El (event code CA750), and obtain Supervisor (or appropriate Manager) signature
and date on the El determination below (attach appropriate supporting documentation as well as a

map of the facility).

X YE - Yes, "Migration of Contaminated Groundwater Under Control" has been verified.
Based on a review of the information contained in this El determination, it has been
determined that the "Migration of Contaminated Groundwater" is "Under Control" at the
CPR site, EPA ID# PRD-00632182, located at in Bayamon, Puerto Rico, under current
and reasonably expected conditions. Specifically, this determination indicates that the
migration of "contaminated" groundwater is under control, and that monitoring will be
conducted to confirm that contaminated groundwater remains within the "existing area of
contaminated groundwater." This determination will be re-evaluated when EPA becomes
aware of significant changes at the facility.

NO - Unacceptable migration of contaminated groundwater is observed or expected.

IN - More information is needed to make a determination.

Jill Billus Date: 08/23/2008Completed by:
Jill Billus
Staff Consultant
TechLaw, Inc.

reDthC Date: 09/23/2008
Reviewed by: ay- a

Cathy Dare
Senior Staff Consultant
TechLaw, Inc.

Also reviewed by: l ^1 ! Date: ,)- _9 o

Socorro Martinez, Project Manager

RCRA Programs Branch

EPA Region 2

Luis Negron, Project Manager
RCRA Programs Branch

Date: 2)

Approvedby: Date:
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Ariel IglesiasPrtalatin, Branch Chief
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Locations where references may be found: 
 
References reviewed to prepare this EI determination are identified below.  Reference materials are 
available at U.S. EPA, Region 2.  
References:   
 

1) Sitewide Groundwater Monitoring Program, Draft Final Report.  Prepared by Anderson, 
Mulholland, and Associates, Inc. (AMAI).  Dated January 2004. 

 
2) Documentation of Environmental Indicator Determination, Environmental Indicator RCRIS code 

(CA725), Current Human Exposures Under Control.  Dated September 29, 2004.   
 

3) Groundwater Quality Sampling Results, Underground Recovery System, April 2008.  Prepared by 
AMAI.  Dated May 2008.    

 
4) Quarterly Data Summary, Underground Recovery System, October – December 2007.  Prepared 

by AMAI.  Dated February 2008.   
 

5) Equalization Basin 2008 Annual RCRA Groundwater Monitoring Report.  Prepared by AMAI.  
Dated June 2008. 

 
6) Letter from Axel P. Soderberg, Director, Caribbean Environmental Protection Division, to Julio 

Hernandez, Refinery Manager, CPR, RE: Interim Corrective Measure Work Plan: Old Oil 
Lagoons (Rev 2) ADDENDUM, March 2008.  Dated June 6, 2008.   

 
7) Scope of Proposed Supplemental Soil Excavation at Old Oil Lagoons, Caribbean Petroleum 

Refining LP, Bayamon, Puerto Rico.  Prepared by AMAU.  Dated January 2008.   
 

8) Generic Regional Screening Levels for Contaminants of Potential Concern at Superfund Sites.  
Developed by Oak Ridge National Laboratory under an Interagency Agreement with EPA.  Dated 
September 12, 2008.  website access: http://www.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/Generic_Tables 

 
9) Quarterly Data Summary, Underground Recovery System, January – March 2008.  Prepared by 

AMAI.  Dated May 2008.   
 

10) Technical Memorandum, Groundwater Sampling for Mercury and TCE, Evaluation of Results 
from Four Sampling Rounds between July 2006 and December 2007, Sitewide Groundwater 
Monitoring Program.  Dated June 2008.   



DOCUMENTATION OF ENVIRONMENTAL INDICATOR DETERMINATION 
Interim Final 2/5/99 

RCRA Corrective Action 
Environmental Indicator (EI) RCRIS code (CA725) 

Current Human Exposures Under Control 
 

Facility Name:   Caribbean Petroleum Refining LP 
Facility Address:  Carr. #28, Km. 2, Urb. Industrial Luchetti, Bayamón, Puerto Rico 
Facility EPA ID #:  PRD00632182 
 
 
1. Has all available relevant/significant information on known and reasonably suspected releases to soil, 

groundwater, surface water/sediments, and air, subject to RCRA Corrective Action (e.g., from Solid Waste 
Management Units (SWMU), Regulated Units (RU), and Areas of Concern (AOC)), been considered in this 
EI determination? 

 
     X        If yes - check here and continue with #2 below. 
 _____ If no - re-evaluate existing data, or 
 _____ If data are not available skip to #6 and enter “IN” (more information needed) status code. 
 
 
BACKGROUND 
 
Definition of Environmental Indicators (for the RCRA Corrective Action) 
 
Environmental Indicators (EI) are measures being used by the RCRA Corrective Action program to go beyond 
programmatic activity measures (e.g., reports received and approved, etc.) to track changes in the quality of the 
environment. The two EI developed to-date indicate the quality of the environment in relation to current human 
exposures to contamination and the migration of contaminated groundwater. An EI for non-human (ecological) 
receptors is intended to be developed in the future. 
 
Definition of “Current Human Exposures Under Control” EI 
 
A positive “Current Human Exposures Under Control” EI determination (“YE” status code) indicates that there are 
no “unacceptable” human exposures to “contamination” (i.e., contaminants in concentrations in excess of 
appropriate risk-based levels) that can be reasonably expected under current land- and groundwater-use conditions 
(for all “contamination” subject to RCRA corrective action at or from the identified facility (i.e., site-wide)). 
 
Relationship of EI to Final Remedies 
 
While Final remedies remain the long-term objective of the RCRA Corrective Action program the EI are near term 
objectives which are currently being used as Program measures for the Government Performance and Results Act of 
1993, GPRA). The “Current Human Exposures Under Control” EI are for reasonably expected human exposures 
under current land- and groundwater-use conditions ONLY, and do not consider potential future land- or 
groundwater-use conditions or ecological receptors. The RCRA Corrective Action program’s overall mission to 
protect human health and the environment requires that Final remedies address these issues (i.e., potential future 
human exposure scenarios, future land and groundwater uses, and ecological receptors). 
 
Duration / Applicability of EI Determinations 
 
EI Determinations status codes should remain in RCRIS national database ONLY as long as they remain true (i.e., 
RCRIS status codes must be changed when the regulatory authorities become aware of contrary information). 
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Facility Description: 
 
The Caribbean Petroleum Refining LP (CPR) facility is located in the Luchetti Industrial Park in Bayamón, Puerto 
Rico.  The CPR site encompasses approximately 179 acres, of which 115 is developed.  The facility is divided into 
four general areas: tank farm area, process area, administration area, and wastewater treatment plant area.  In 
addition, CPR owns and operates a loading dock facility on San Juan Bay in Guaynabo, approximately two and one-
half miles northeast of the site. 
 
Petroleum refinery operations commenced at the site in 1955 under the name of Caribbean Refining Corporation.  
The facility was purchased in 1962 by the Gulf Oil Corporation, at which time the name was changed to Caribbean 
Gulf Refining Corporation.  Chevron Corporation acquired ownership of the facility when it purchased Gulf Oil 
Corporation in 1984.  In 1987, the facility was sold to First Oil Corporation and now operates as an independent 
refinery.  Until cessation of operations in 2000, CPR operated a 48,000 barrel per day petroleum refining facility at 
the site.  CPR now operates the facility as a petroleum product storage and distribution facility, although refining 
operations may commence again sometime in the future. 
 
The CPR site is bounded to the west and southwest by industrial and commercial facilities, and to the south and east 
by Fort Buchanan, a U.S. military reservation.  Highway 28 separates the CPR facility from an 
industrial/commercial area to the southwest and from the Fort Buchanan property.  An undeveloped land area owned 
by CPR is situated north of the operations area and extends about 1000 ft north to Highway 22, a major thoroughfare 
in the Bayamón area.  Swampy undeveloped land, an industrial facility, and a small residential community occur 
north of Highway 22. 
 
Hazardous wastes historically managed at the site include primary oil/water/solids separation sludge (F037), 
secondary oil/water/solids separation sludge (F038), slop oil emulsion solids (K049), heat exchanger bundle solids 
(K050), API separator sludge (K051), ignitable waste (D001), and toxicity characteristic (benzene) wastewater 
(D018). 
 
CPR has two on-site water wells which are completed in the carbonate formations underlying the facility.  However, 
only one of the wells (North Well) is currently being used.  Water from the well is used for process purposes only.  
Drinking water at the site is provided by a municipal supply system. 
 
The regional groundwater flow direction in the area varies between north and northeast (Ref. 1).  The nearest off-site 
water production wells occur within a distance of 3000 to 4000 ft to the east, south, and west of the CPR facility.  
There are no known water supply wells downgradient (north to northeast) of the facility. 
 
Surface water bodies that traverse through the CPR facility are Las Lajas and Diego Creeks.  Las Lajas Creek is a 
low-flow, shallow stream that originates in the hills south of the facility, traverses through the north-central part of 
the facility, and eventually discharges into San Juan Bay.  Las Lajas Creek is channeled underground as it enters the 
facility and returns to an open channel north of the refinery’s wastewater treatment plant (WWTP) area. Treated 
effluent from the WWTP was previously discharged to Las Lajas Creek under a National Pollutant Discharge 
Elimination System (NPDES) permit through NPDES Outfall 001.  As of November 2002, the effluent is discharged 
by pipeline to San Juan Bay via NPDES Outfall 001A.  Diego Creek is a shallow low-flow creek that traverses 
through the northwest portion of the CPR site. The Bayamón River traverses in a general north-south direction about 
1.4 miles west of the facility.  San Juan Bay is located about 1.75 miles northeast of the facility; the Atlantic Ocean 
is about 3 miles north. 
 
An Administrative Order on Consent was executed by EPA and CPR in October 1995 to investigate 32 Solid 
Management Units (SWMUs)/Areas of Concern (AOC), Las Lajas Creek sediment, the facility Process Sewer, and 
the groundwater beneath the facility.  A RCRA Facility Investigation (RFI) is currently being performed at the 
facility.  Included in the RFI is a Sitewide Groundwater Monitoring Program designed to evaluate the groundwater 
quality at the facility.  A Process Sewer assessment and human health assessment of Las Lajas Creek sediment were 
also completed.  
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Interim measure activities consist of measurement and recovery of petroleum hydrocarbon light non-aqueous phase 
liquid (LNAPL) and groundwater monitoring.  LNAPL measurements are performed at 129 monitoring wells 
situated throughout the facility.  Weekly and monthly measurements are performed at selected wells; quarterly 
measurements are performed at all the wells.  LNAPL is recovered by 22 automatic ejector pumps and by manual 
bailing on a weekly and/or monthly basis at 35 supplemental wells.  On average, about 350 gal per month of 
LNAPL are recovered.  Groundwater sampling (VOCs, arsenic, lead, and/or mercury) is performed at 10 selected 
wells on a semiannual basis and 6 additional wells on an annual basis.  The wells are mostly situated downgradient 
of the LNAPL plumes and also at the northern facility border.  Semiannual groundwater sampling (BTEX) is also 
performed at 6 wells at the former facility equalization basin. 
 
RCRA closure of the equalization basin at the WWTP was completed in August 1999.  Closure activities consisted 
of dewatering the basin, stabilizing the residual sludge, backfilling the basin, installing an impermeable clay and 
flexible membrane liner cap, installing a drainage layer, and installing a vegetative cover.  Groundwater monitoring 
at the former equalization basin is being addressed as part of corrective action. 
 
References:   
 

1. United States Geological Survey,  2002,  Geology and Hydrogeology of the Caribbean Islands Aquifer 
System of the Commonwealth of Puerto Rico and the U.S. Virgin Islands: USGS Professional Paper 1419. 
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2. Are groundwater, soil, surface water, sediments, or air media known or reasonably suspected to be 

“contaminated”1 above appropriately protective risk-based “levels” (applicable promulgated standards, as 
well as other appropriate standards, guidelines, guidance, or criteria) from releases subject to RCRA 
Corrective Action (from SWMUs, RUs or AOCs)? 

 
Media Yes No ? Rationale / Key Contaminants 
Groundwater X   VOCs, BNAs, metals, and LNAPL 
Air (indoors) 2  X  See discussion below 
Surface Soil (e.g., <2 ft) X   Arsenic 
Surface Water  X  See discussion below 
Sediment X   Arsenic 
Subsurf. Soil (e.g., >2 ft) X   Arsenic, vanadium, benzo(a)anthracene, benzo(a)pyrene 
Air (outdoors) X   Benzene 

 
_____ If no (for all media) - skip to #6, and enter “YE,” status code after providing or citing appropriate 

“levels,” and referencing sufficient supporting documentation demonstrating that these “levels” 
are not exceeded. 

 
   X     If yes (for any media) - continue after identifying key contaminants in each “contaminated” 

medium, citing appropriate “levels” (or provide an explanation for the determination that the 
medium could pose an unacceptable risk), and referencing supporting documentation. 

 
_____ If unknown (for any media) - skip to #6 and enter “IN” status code. 

 
Rationale and Reference(s): 
 
A RCRA Facility Investigation (RFI) is being performed at the facility according to an EPA-approved March 2001 
RFI Work Plan (Ref. 1) and an April 2002 Sitewide Groundwater Monitoring Program (SGMP) Work Plan (Ref. 2).  
The majority of the RFI work has been completed and reported (Refs. 3-11).  A Process Sewer Assessment (Ref. 8) 
and human health assessment of Las Lajas Creek sediment and bank soil (Ref. 9) were also completed.  An initial 
document for the human health baseline risk assessment for the facility has also been completed (Ref 12). 
 
Footnotes: 
 

1 “Contamination” and “contaminated” describes media containing contaminants (in any form, NAPL 
and/or dissolved, vapors, or solids, that are subject to RCRA) in concentrations in excess of appropriately 
protective risk-based “levels” (for the media, that identify risks within the acceptable risk range). 
 
2 Recent evidence (from the Colorado Dept. of Public Health and Environment, and others) suggest that 
unacceptable indoor air concentrations are more common in structures above groundwater with volatile 
contaminants than previously believed. This is a rapidly developing field and reviewers are encouraged to 
look to the latest guidance for the appropriate methods and scale of demonstration necessary to be 
reasonably certain that indoor air (in structures located above (and adjacent to) groundwater with volatile 
contaminants) does not present unacceptable risks. 
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Groundwater:  
 
The CPR facility is located in the north coast groundwater province of Puerto Rico.  Two general water-bearing 
units are present beneath the facility: an upper overburden unit and an underlying carbonate sediment unit.  Well 
yields in the overburden are generally less than in the carbonate sediment, as observed during well development and 
groundwater sampling activities.  Groundwater in the overburden varies from unconfined to semi-confined.  
Groundwater in the carbonate sediment varies from semi-confined to confined.  The regional groundwater flow 
direction varies between the north and northeast (Ref. 13).  At the facility area groundwater flow in the overburden 
and carbonate generally varies from the north to east (Ref. 10), although localized variations occur due to geologic 
controls at the site, permeability contrasts, and local recharge.  Groundwater is not used at the site for drinking water 
purposes. 
 
Groundwater samples were collected and analyzed for VOCs, BNAs, and/or metals at 51 monitoring wells and at 11 
direct-push locations as part of the RFI SGMP.  Two SGMP groundwater sampling events were performed at the 
monitoring wells: May-July 2003 and October 2003.  The direct-push groundwater sampling was performed during 
July 2003.  Supplemental groundwater sampling was also performed at 6 newly installed monitoring wells in July 
and September 2004.  The groundwater results are presented in (Refs. 10 and 11). 
 
Groundwater results were compared to groundwater screening levels.  Screening levels were EPA Maximum 
Contaminant Levels (MCLs) and, where MCLs are not available, EPA Region III tap water risk-based 
concentrations (RBCs) (EPA Region III, April 2004).  For lead, the EPA action level of 15 ug/L was used as a 
groundwater screening level.  For MTBE, the acceptable drinking water guideline (20 to 40 ug/L) established by 
EPA (Ref. 14) was used.  The constituents of concern that exceeded groundwater screening levels, their maximum 
concentrations, and the location of the maximums are shown in the table below. 
 

Groundwater Contaminant Screening 
Levels 
(ug/L) 

Maximum 
Concentration 

(ug/L) 

Location of Maximum 

Overburden Water-Bearing Zone 
Benzene 5 2910 Well MW-91A 
1,2 Dichloroethane 5 6.9 J DP location PS-15G 
Methyl Tertiary-Butyl Ether  20-40** 652 Well B-2 
Methylene Chloride 5 6.0 Direct-push location 11-13G 
Bis(2-Ethylhexyl)Phthalate 6 20.8 Direct-push location PS-29G 
2-Methylnaphthalene 120* 6100 J Direct-push location PS-28G 
Naphthalene 6.5* 358 J Direct-push location PS-16G 
Arsenic 10 55.4 Direct-push location PS-28G 
Barium 2000 3590 Direct-push location PS-28G 
Beryllium 4 10.4 Direct-push location PS-28G 
Chromium 100 1130 Direct-push location PS-28G 
Lead 15 170 Direct-push location PS-28G 
Vanadium 260* 2850 Direct-push location PS-28G 

Carbonate Sediment Water-Bearing Zone 
Cis-1,2-Dichlorethene 70 71.7 Well MW-75B 
Trichloroethene 5 154 J Well MW-83B1 
Vinyl Chloride 2 5.8 Well MW-75B 
Arsenic 10 121 Well MW-110B (see note) 
Chromium 100 248 Well MW-110B (see note) 
Mercury 2 3.4 Well MW-21B 
Vanadium 260* 408 Well MW-110B (see note) 

Notes: * - indicates an EPA Region 3 tap water RBC.  ** - indicates EPA drinking water guideline.  All other screening levels are EPA MCLs, 
except for lead, which is the EPA action level.  The ‘J’ data qualifier indicates an estimated concentration. Total metal results at well MW-110B 
were above screening levels; dissolved metal results were below screening levels, however.  High turbidity encountered during sampling at well 
MW-110B appears to have significantly biased high the total metals results.  The dissolved metal results, which are below screening levels, are 
therefore believed to be more representative than the total metals results shown in the table. 
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Petroleum hydrocarbon LNAPL is detected in main five plumes contained within the facility.  The plume locations 
are generally within the Tank Farm and WWTP areas of the facility.  As discussed in Item 1, interim measures 
consisting of LNAPL measurement and recovery within the plumes are being performed on an ongoing basis.  Wells 
downgradient of the LNAPL plumes have been monitored for the presence of LNAPL since about 1991.  All of the 
five plumes have remained stable with negligible migration.  Thus, the LNAPL plumes are stable. 
 
Soil Vapor/Indoor Air:   
 
For on-site groundwater, the only areas where volatile compounds occur in the groundwater within 100 ft of 
occupied on-site buildings are at the control rooms at the facility WWTP area and Process Sewer area (Ref. 10).  
Direct-push results from locations PS-28G and PS-29G are the closest upgradient locations to the control room at 
the WWTP that exhibits elevated VOC levels.  Detected constituents were compared to the State of Connecticut 
Groundwater Standards for Protection of Indoor Air under the Industrial/Commercial Scenario (CT I/C VC) to 
determine whether migration of VOCs to indoor air may be of concern.  Based on this comparison, no VOCs 
exceeded the CT I/C VC. 
 
A trichloroethene (TCE) plume at the northeast refinery area migrates through the facility and offsite.  The source 
and extent of the TCE plume, which may be from offsite, is under investigation.  The residential community of 
Puente Blanco is located about 1200 ft north of well MW-75B at which chlorinated hydrocarbons (TCE, 1,2-
dichloroethene, and vinyl chloride) were detected.  The groundwater flow in the area of this well is to the northeast, 
which indicates that the residential community is not directly downgradient of the plume, hence no impact is likely.  
Additionally, State of Connecticut Groundwater Standards for Protection of Indoor Air standards apply only to 
groundwater within 15 ft below ground surface (bgs) as deeper sources are not likely to affect indoor air quality.  
The depth to the top of the carbonate sediment in the area of well MW-75B is about 44 ft bgs.  Since the chlorinated 
hydrocarbon plume occurs only in the deeper carbonate sediment, no impact to indoor air quality in surface 
structures is likely.  (Note: the State of Connecticut proposes to increase the depth criteria for indoor air to 30 ft bgs.  
Since the depth to the top of the carbonate sediment is deeper than this, no impact is indicated).  Additionally, no 
buildings at CPR are located in this area of the facility.  Hence, no exposure to workers is indicated. 
 
Surface Soil (< 2 ft): 
 
Surface soil samples were collected at 25 SWMUs/AOCs/areas as part of RFI activities (Refs. 3-8).  The samples 
were analyzed for VOCs, BNAs, and/or metals.  No constituents were detected in the surface soil above Region 3 
industrial ingestion RBCs, with the exception of arsenic.  Arsenic exceeded its Region 3 industrial RBC (1.9 mg/kg) 
at 25 SWMUs/AOCs with levels ranging up to 93.2 mg/kg.  Arsenic also exceeded its background level of 23 mg/kg 
at 15 SWMUs/AOCs.  Table 1 (attached) shows the maximum detected arsenic concentrations that exceed its 
surface soil screening level at the SWMUs/AOCs/areas. 
 
Surface Water: 
 
No surface water sampling has been performed in Las Lajas Creek.  Groundwater discharge from the overburden 
water-bearing zone to the Creek was indicated as part of the Las Lajas Creek Assessment (Ref. 9).  Thus, 
groundwater sampling results from shallow wells nearby and adjacent to the Creek (wells MP-1, MP-5A, MP-9, 
MP-10, MW-86A, MW-110A, and MW-111A) are used to demonstrate surface water environmental indicators.  
None of the results from these wells show any constituents of concern above groundwater screening levels (Refs. 10 
and 11).  Total arsenic and vanadium were detected above screening levels at well MW-110A during the July 2004 
sampling event; the dissolved metals results were below screening levels, however.  High turbidity occurred in the 
groundwater sample, which biased high the total metal results.  Therefore, the dissolved arsenic and vanadium 
results are considered to be more representative than the total results for this sampling event.  Resampling of well 
MW-110A in September 2004 showed that both total and dissolved metals were below screening levels, which 
confirms the dissolved metals results from July 2004.  Therefore, no impact to surface water is indicated. 
 
No LNAPL plumes occur adjacent to Las Lajas Creek, hence no impact to surface water is indicated.  As discussed 
above, the LNAPL plumes are stable and not migrating. 
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Sediment: 
 
Sediment samples were collected at nine locations in Las Lajas Creek upstream and within the facility boundary.  
Additionally, bank soil samples were collected at three locations north of the facility WWTP.  The samples were 
analyzed for VOCs, BNAs, PCBs, and/or metals.  Arsenic (maximum concentration of 71.2 mg/kg) was detected in 
sediment above its EPA Region 3 industrial ingestion RBC of 1.9 mg/kg and above the arsenic background level of 
23 mg/kg.  No other constituents were detected above RBCs in the sediment or bank soil. (Ref. 9). 
 
No LNAPL plumes occur adjacent to Las Lajas Creek, hence no impact to sediment is indicated.  As discussed 
above, the LNAPL plumes are stable and not migrating. 
 
Subsurface Soil (> 2 ft): 
 
Subsurface soil samples were collected at 30 SWMUs/AOCs/areas as part of RFI activities (Refs. 3-8).  The samples 
were analyzed for VOCs, BNAs, and/or metals.  No constituents were detected in the surface soil above Region 3 
industrial ingestion RBCs, with the exception of arsenic, vanadium, benzo(a)anthracene, and benzo(a)pyrene.  
Arsenic exceeded its Region 3 industrial RBC (1.9 mg/kg) at 27 SWMUs/AOCs/areas with levels ranging up to 138 
mg/kg.  Arsenic also exceeded its background level of 23 mg/kg at 18 SWMUs/AOCs/areas.  Vanadium (1350 
mg/kg) exceeded its RBC (1000 mg/kg) only at SWMU 34; the background level of vanadium is 250 mg/kg.  
Benzo(a)anthracene (9900 ug/kg) exceeded its RBC (3900 ug/kg) only at SWMU 11.  Benzo(a)pyrene (up to 8200 
ug/kg) exceeded its RBC (390 ug/kg) only at SWMUs 3 and 11.  Table 2 (attached) shows the maximum detected 
concentrations that exceed subsurface soil screening levels at the SWMUs/AOCs/areas. 
 
Air (outdoors): 
 
No constituents were detected in the soil above outdoor air (volatilization to air and fugitive dust) EPA risk-based 
screening levels (Ref. 15) with the exception of benzene at SWMU 1.  Benzene exceeds its inhalation screening 
level (1000 ug/kg) at only 1 out of 10 sampling locations at SWMU 1.  The concentrations in the surface soil (1.5-2 
ft) and subsurface soil (4-4.5 ft) are 1700 and 2400 ug/kg, respectively. 
 
No assessment of the impacts to outdoor air from groundwater has been conducted at the site. However, migration 
of VOCs from groundwater into outdoor air is not expected to be of concern due to natural dispersion of 
contaminants once they reach the surface.  Also, since assessment of VOCs to indoor air as discussed above does not 
indicate any impact, exposure to outdoor air is not expected due to its greater dispersion. 
 
References:   
 

1. Anderson, Mulholland & Associates, Inc. (AMAI), 2001.  RCRA Facility Investigation Work Plan 
(Revision 2), Caribbean Petroleum Refining LP, Bayamón, Puerto Rico. 

2. Anderson, Mulholland & Associates, Inc. (AMAI), 2002.  Sitewide Groundwater Monitoring 
Program Work Plan, Caribbean Petroleum Refining LP, Bayamón, Puerto Rico.  (Revised in 
accordance with EPA’s comments dated July 1, 2002, an August 8, 2002 teleconference and 
minutes, and Addendum 1.) 

3. Anderson, Mulholland & Associates, Inc. (AMAI), 2000.  Technical Memorandum: RCRA Facility 
Investigation, Phase IA Soil Investigation Results.  Caribbean Petroleum Refining LP, Bayamón, 
Puerto Rico. 

4. Anderson, Mulholland & Associates, Inc. (AMAI), 2000.  Technical Memorandum: RCRA Facility 
Investigation, Phase II Wastewater Treatment Plant Soil Investigation Results, Revision 1.0.  
Caribbean Petroleum Refining LP, Bayamón, Puerto Rico. 
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5. Anderson, Mulholland & Associates, Inc. (AMAI), 2000.  Technical Memorandum: RCRA Facility 

Investigation, Phase I Wastewater Treatment Plant Soil Investigation Results, Revision 1.0.  
Caribbean Petroleum Refining LP, Bayamón, Puerto Rico. 

6. 
 

Anderson, Mulholland & Associates, Inc. (AMAI), 2001.  Technical Memorandum: RCRA Facility 
Investigation, Phase IB and 2A Soil Investigation Results.  Caribbean Petroleum Refining LP, 
Bayamón, Puerto Rico. 

7. Anderson, Mulholland & Associates, Inc. (AMAI), 2002.  Technical Memorandum: RCRA Facility 
Investigation, Phase 3 Soil Investigation Results.  Caribbean Petroleum Refining LP, Bayamón, 
Puerto Rico. 

8. Anderson, Mulholland & Associates, Inc. (AMAI), 2003.  Phase II Process Sewer Assessment 
Report, Revision 2.  Caribbean Petroleum Refining LP, Bayamón, Puerto Rico. 

9. Anderson, Mulholland & Associates, Inc. (AMAI), 2003. Las Lajas Creek Assessment, 
Supplemental Bank and Sediment Sampling Report (Revision 1).  Caribbean Petroleum Refining 
LP, Bayamón, Puerto Rico. 

10. Anderson, Mulholland & Associates, Inc. (AMAI), 2004.  Sitewide Groundwater Monitoring 
Program, Draft Final Report, Caribbean Petroleum Refining LP, Bayamón, Puerto Rico. 
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Sitewide Groundwater Monitoring Program, submitted to EPA as preliminary data tables. 
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13. United States Geological Survey.  2002.  Geology and Hydrogeology of the Caribbean Islands 
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Professional Paper 1419.  Reston, Virginia. 

14. U.S. Environmental Protection Agency (EPA), 1997.  Drinking Water Advisory: Consumer 
Acceptability Advice and Health Effects Analysis on Methyl Tertiary-Butyl Ether (MTBE).  Office 
of Water.  EPA-833-F-97-009. 

15. United States Environmental Protection Agency (EPA), 2001.  Supplemental Guidance for 
Developing Soil Screening Levels for Superfund Sites.  OSWER 9355.4-24. 
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3. Are there complete pathways between “contamination” and human receptors such that exposures can be 

reasonably expected under the current (land- and groundwater-use) conditions? 
 
 Summary Exposure Pathway Evaluation Table 
 

Potential Human Receptors (Under Current Conditions) 
 
“Contaminated” Media Residents Workers Day-Care Construction Trespassers Recreation Food 

Groundwater NO NO NO YES -- -- NO 

Air (indoors) ___ ___ ___ -- -- -- -- 

Soil (surface, e.g., <2 ft) NO YES NO YES NO NO NO 

Surface Water ___ ___ -- -- ___ ___ ___ 

Sediment NO YES -- -- NO NO NO 

Soil (subsurface e.g., >2 ft)    YES   NO 

Air (outdoors) NO NO NO YES NO   
 
 
Instructions for Summary Exposure Pathway Evaluation Table: 
 
 1. Strike-out specific Media including Human Receptors’ spaces for Media which are not  

 “contaminated”) as identified in 2 above. 
 
 2. Enter “yes” or “no” for potential “completeness” under each “Contaminated” Media – Human 

 Receptor combination (Pathway). 
 
Note: In order to focus the evaluation to the most probable combinations some potential “Contaminated” Media - 
Human Receptor combinations (Pathways) do not have check spaces (“___”). While these combinations may not be 
probable in most situations they may be possible in some settings and should be added as necessary. 

 
_____ If no (pathways are not complete for any contaminated media-receptor combination) - skip to #6, 

and enter ”YE” status code, after explaining and/or referencing condition(s) in-place, whether 
natural or man-made, preventing a complete exposure pathway from each contaminated medium 
(e.g., use optional  pathway Evaluation Work Sheet to analyze major pathways). 

 
  X     If yes (pathways are complete for any “Contaminated” Media - Human Receptor combination) - 

continue after providing supporting explanation. 
 

_____ If unknown (for any “Contaminated” Media - Human Receptor combination) - skip to #6 and enter 
“IN” status code 

 
Rationale and Reference(s): 
 
The CPR site is currently utilized for industrial purposes only, thus no residents or day-care receptors are exposed to 
on-site contamination.  The carbonate sediment is the water-bearing zone most likely to be used for water resource 
development.  None of the contaminants in the carbonate sediment water-bearing zone, other than the TCE plume at 
the northeast area of the facility, appear to occur off-site.  The TCE source, which may be from off-site, and extent 
of the TCE plume is under investigation; CPR is making a diligent effort to gain off-site access to an upgradient 
facility.  The arsenic plume in the carbonate sediment water-bearing zone does not appear to be migrating off-site 
since arsenic levels at downgradient border monitoring wells are below screening levels.  Mercury (3.4 ug/L) is also 
present above its screening level (2 ug/L) at the northeast boundary of the CPR property. However, residents are not 
exposed to contaminated groundwater since there are no known downgradient water supply wells used for public or 
private drinking water supplies. 



Current Human Exposures Under Control – Caribbean Petroleum Refining, LP 
Environmental Indicator (EI) RCRIS code (CA725) 

Page 10 
 
 
Arsenic was detected at overburden well MW-112A (28.1 ug/L total, 16.9 ug/L dissolved, screening level of 10 
ug/L) at the SWMU 11 area (Old Oil Lagoons) (Ref. 1).  Naphthalene was detected at overburden well MW-113A 
(9.3 ug/L, screening level of 6.5 ug/L).  Wells MW-112A and MW-113A are located near the property boundary.  
The extent of the naphthalene plume appears to be limited since it is not detected at nearby well MW-112A.  The 
arsenic plume also appears to be limited since arsenic is not detected at nearby wells MW-113A and MW-114A, 
which are located about 100 ft south and north, respectively (Ref. 1).  Naphthalene at well MW-113A and arsenic at 
well MW-112A do not significantly exceed their screening levels, the plumes appear limited, and the overburden 
has low permeability.  Consequently, the plumes appear to be stable, and migration appears to be under control.  
Additionally, no exposure to downgradient residents is indicated because there are no downgradient water supply 
wells; the low yield of the overburden additionally makes it unlikely for water resource development. 
 
Access to the facility is limited to CPR employees and their contractors and visitors. The perimeter of the operations 
area of the facility is fenced and guarded 24 hours a day.  Access is generally inaccessible to the undeveloped area 
of the facility north of the operations area due to a natural wetland barrier.  Additionally, the Puerto Rico Highway 
Authority maintains a security fence adjacent to Highway 22, which borders the undeveloped area.  Therefore, 
trespassers are not expected to gain access to the facility and are not expected to become exposed to impacted on-
site soil.  Additionally, trespassers exposure to sediment in Las Lajas Creek at the northeastern undeveloped area of 
the facility property is unlikely due to fencelines and natural barriers. 
 
The remaining potential receptors are discussed below. 
 
Workers via “contaminated”: 
 
Groundwater - no completed pathway occurs since there are no on-site wells for production or water supply or other 
opportunities for production workers to ingest contaminated groundwater.  Drinking water for the facility is from a 
municipal supply. 
 
Surface Soil - exposure to contaminated surface soil may occur to workers from concentrations of arsenic at 25 
SWMUs/AOCs/areas that occur above screening levels.  Arsenic levels occur up to 93.2 mg/kg.  Table 1 (attached) 
shows the maximum detected arsenic concentrations that exceed its screening level at the SWMUs/AOCs/areas.  
 
Sediment – exposure to contaminated sediment in Las Lajas Creek may occur to workers. Arsenic levels occur up to 
71.2 mg/kg occur in the sediment (Ref. 2).   Incidental exposure may also occur to off-site workers at the industrial 
facilities located to the southwest of CPR, through which Las Lajas Creek traverses.  The off-site facilities are 
fenced in with access only to their workers.  Additionally, the Creek area is located at the eastern extremities of 
these facilities that exhibits scant worker activity.  
 
Outdoor Air - Benzene at SWMU 1 (Container Storage Area) exceeds its inhalation screening level (1000 ug/kg) at 
only 1 out of 10 sampling locations at SWMU 1.  The concentrations in the surface soil (1.5-2 ft) and subsurface soil 
(4-4.5 ft) are 1700 and 2400 ug/kg, respectively.  SWMU 1 is paved with concrete, which inhibits escape of vapors 
from the soil.  Also, any minor escape of vapors through any cracks in the concrete is not likely to be of any 
significance due to natural dispersion of contaminants once they reach the surface.  Therefore, no current worker 
exposure to outdoor air is indicated. 
 
Construction Workers via “contaminated”: 
 
Groundwater - Construction workers may potentially come in direct contact with contaminated groundwater during 
intrusive activities. 
 
Surface Soil - Exposure to surface soil may occur to construction workers from arsenic concentrations above 
screening levels at 25 SWMUs/AOCs/areas.  Arsenic levels occur up to 93.2 mg/kg. Table 1 (attached) shows the 
maximum detected arsenic concentrations that exceed its screening level at the SWMUs/AOCs/areas.  
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Subsurface Soil - Exposure to subsurface soil may occur to construction workers from concentrations above 
screening levels of arsenic at 30 SWMUs/AOCs/areas, vanadium at SWMU 34, benzo(a)anthracene at SWMU 11, 
and benzo(a)pyrene at SWMUs 3 and 11.  Table 2 (attached) shows the maximum detected concentrations that 
exceed screening levels at the SWMUs/AOCs/areas.  Exposure to LNAPL in shallow plumes may also occur to 
construction workers. 
 
Outdoor Air - Benzene at SWMU 1 exceeds its inhalation screening level (1000 ug/kg) at only 1 out of 10 sampling 
locations at SWMU 1.  The concentrations in the surface soil (1.5-2 ft) and subsurface soil (4-4.5 ft) are 1700 and 
2400 ug/kg, respectively. 
 
References:   
 
 

1. September 20, 2004, Groundwater sampling results from six newly installed monitoring wells, 
Sitewide Groundwater Monitoring Program, submitted to EPA as preliminary data tables. 

2. Anderson, Mulholland & Associates, Inc. (AMAI), 2003. Las Lajas Creek Assessment, 
Supplemental Bank and Sediment Sampling Report (Revision 1).  Caribbean Petroleum Refining 
LP, Bayamón, Puerto Rico. 

 
 
 
 
3 Indirect Pathway/Receptor (e.g., vegetables, fruits, crops, meat and dairy products, fish, shellfish, etc.) 
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4. Can the exposures from any of the complete pathways identified in #3 be reasonably expected to be 

“significant”4 (i.e., potentially “unacceptable” because exposures can be reasonably expected to be: 1) greater 
in magnitude (intensity, frequency and/or duration) than assumed in the derivation of the acceptable “levels” 
(used to identify the “contamination”); or 2) the combination of exposure magnitude (perhaps even though 
low) and contaminant concentrations (which may be substantially above the acceptable “levels”) could result 
in greater than acceptable risks)? 

 
__X__ If no (exposures can not be reasonably expected to be significant (i.e., potentially “unacceptable”) 

for any complete exposure pathway) - skip to #6 and enter “YE” status code after explaining 
and/or referencing documentation justifying why the exposures (from each of the complete 
pathways) to contamination” (identified in #3) are not expected to be “significant.” 

 
_____ If yes (exposures could be reasonably expected to be “significant” (i.e., potentially 

“unacceptable”) for any complete exposure pathway) - continue after providing a description (of 
each potentially “unacceptable” exposure pathway) and explaining and/or referencing 
documentation justifying why the exposures (from each of the remaining complete pathways) to 
“contamination” (identified in #3) are not expected to be “significant.” 

 
_____ If unknown (for any complete pathway) - skip to #6 and enter “IN” status code 

 
Rationale and Reference(s): 
 
All individuals conducting intrusive activities conducted at CPR must first obtain a permit from the facility, which is 
reviewed by facility Health and Safety personnel.  At SWMUs/AOCs/areas with contamination above relevant 
screening criteria, this process provides for protection of construction workers through adherence to applicable 
OSHA regulations (e.g., PPE use) or by not allowing intrusive activities or disturbances to occur.  Therefore, 
construction worker exposure to surface soil, subsurface soil, or groundwater contamination is not currently 
expected to be significant. 
 
The maximum total excess lifetime cancer risk to on-site workers from exposure to surface soil contaminated with 
arsenic is estimated to be 4.9 x 10-5.  This estimate is based on exposure to the maximum detected arsenic 
concentration of 93.2 mg/kg in the surface soil at the facility. (The risk estimate was obtained by proportioning the 
EPA Region 3 risk based level of 1.9 mg/kg, which is based on a risk of 1 x 10-6.)   The risk estimate is conservative 
as it is likely that worker exposure would not occur only at the area of maximum concentration.  Actual worker 
exposure to arsenic in the surface soil would be less since a worker would be exposed to average soil concentrations, 
which are less than the maximum.  Nevertheless, the conservative risk estimate of 4.9 x 10-5 is within the USEPA 
acceptable target cancer risk range of 1 x 10-4 to 1 x 10-6.  Therefore, on-site industrial workers risk associated with 
exposure to surface soil contamination is not expected to be significant. 
 
The maximum total excess lifetime cancer risk to on-site workers from exposure to sediment contaminated with 
arsenic is estimated to be 3.7 x 10-5.  This estimate is based on exposure to the maximum detected arsenic 
concentration of 71.2 mg/kg in the sediment.  (The risk estimate was obtained by proportioning the EPA Region 3 
risk based level of 1.9 mg/kg, which is based on a risk of 1 x 10-6.)  The risk estimate is conservative as it is likely 
that worker exposure would not occur only at the area of maximum concentration.  Actual worker exposure to 
arsenic in the sediment would be less since a worker would be exposed to average sediment concentrations, which 
are less than the maximum.  Nevertheless, the conservative risk estimate of 3.7 x 10-5 is within the USEPA 
acceptable target cancer risk range of 1 x 10-4 to 1 x 10-6.  Therefore, industrial worker risk associated with exposure 
to surface soil contamination is not expected to be significant. 
 
 
 
 
 

4 If there is any question on whether the identified exposures are “significant” (i.e., potentially “unacceptable”) 
consult a human health Risk Assessment specialist with appropriate education, training and experience. 
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5. Can the “significant” exposures (identified in #4) be shown to be within acceptable limits? 
 

_____ If yes (all “significant” exposures have been shown to be within acceptable limits) - continue and 
enter “YE” after summarizing and referencing documentation justifying why all “significant” 
exposures to “contamination” are within acceptable limits (e.g., a site-specific Human Health Risk 
Assessment). 

 
_____ If no (there are current exposures that can be reasonably expected to be “unacceptable”)- continue 

and enter “NO” status code after providing a description of each potentially “unacceptable” 
exposure. 

 
_____ If unknown (for any potentially “unacceptable” exposure) - continue and enter “IN” status code. 

 
Rationale and Reference(s): 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
______________________________________________________________________________________ 
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6. Check the appropriate RCRIS status codes for the Current Human Exposures Under Control EI event code 

(CA725), and obtain Supervisor (or appropriate Manager) signature and date on the EI determination below 
(and attach appropriate supporting documentation as well as a map of the facility): 

 
  X     YE - Yes, “Current Human Exposures Under Control” has been verified. Based on a review of the 

information contained in this EI Determination, “Current Human Exposures” are expected to be 
“Under Control” at the Caribbean Petroleum Refining, LP facility, EPA ID # PRD00632182, 
located in Bayamón, Puerto Rico under current and reasonably expected conditions. This 
determination will be re-evaluated when the Agency/State becomes aware of significant changes 
at the facility. 

 
____ NO - “Current Human Exposures” are NOT “Under Control.” 

 
____ IN - More information is needed to make a determination. 

 
 
 Completed by       Date  9/29/2004 
 Sam Ezekwo, Project Manager 
  RCRA Programs Branch 
 
 
 Supervisor      Date  9/29/2004 
 Dale J. Carpenter, Section Chief 
 RCRA Programs Branch 
  EPA Region 2 
 
 
 
 Approved by       Date  9/29/2004 

 Adolph Everett, Chief 
 RCRA Programs Branch 

  EPA Region 2 
 
 
Locations where References may be found: 
 
U.S. Environmental Protection Agency - Region 2 
RCRA File Room 
290 Broadway - 15th Floor 
New York, New York 10007 
 
Contact telephone and e-mail numbers: 
 
Sam Ezekwo, Project Manager 
U.S. Environmental Protection Agency - Region 2 
RCRA Program Branch 
Telephone:  (212) 637-4168 
E-mail: ezekwo.sam@epa.gov 
 
FINAL NOTE: THE HUMAN EXPOSURES EI IS A QUALITATIVE SCREENING OF EXPOSURES AND THE 
DETERMINATIONS WITHIN THIS DOCUMENT SHOULD NOT BE USED AS THE SOLE BASIS FOR RESTRICTING 
THE SCOPE OF MORE DETAILED (E.G., SITE-SPECIFIC) ASSESSMENTS OF RISK. 
 



TABLE 1
Surface Soil - Maximum Concentrations that Exceed Screening Levels

Caribbean Petroleum Refining LP
(Page 1 of 1)

Soil Contaminant EPA Region 3 Units SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU

  industrial 1 2 3 4 5 6 7 10 11 12 13 32 33 34 35 40

risk-based 

concentration (RBC)

Arsenic 1.9 mg/kg 44.4 J 8.6 J 16 -- -- 15.3 J 9.3 J 14.7 J NS 63.2 68.3 NS 13.2 27.9 24.5 J 23.8

Soil Contaminant EPA Region 3 Units AOC AOC AOC AOC AOC AOC AOC AOC AOC AOC AOC AOC Tank Process Process Process

  industrial 1 2 3 4 5 6 7 8 9 10 11 12 203 Sewer Sewer Sewer

risk-based Area A Area B Area C

concentration (RBC)

Arsenic 1.9 mg/kg 43.6 J 75 82.3 3.7 J 13.1 <26.6 J 32.9 < 29 9.5 17.3 93.2 44.3 61.9 NS NS NS

Note:
NS (not sampled) - indicates that the contaminant was not sampled for that medium and receptor
--  indicates that the contaminant was not detected above the risk-based screening level



TABLE 2
Subsurface Soil - Maximum Concentrations that Exceed Screening Levels

Caribbean Petroleum Refining LP
(Page 1 of 1)

Soil Contaminant EPA Region 3 Units SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU SWMU

  industrial 1 2 3 4 5 6 7 10 11 12 13 32 33 34 35 40

risk-based 

concentration (RBC)

Arsenic 1.9 mg/kg 41.2 J 9.7 J 16.8 -- 10.7 7.7 J 16 J 9.4 J 60.1 J 44.1 94.7 18.1 41.5 J 56.6 66.1 J 5 J
Vanadium 1000 mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- 1350 -- --

Benzo(a)anthracene 3900 ug/kg -- -- -- -- -- -- -- -- 9900 -- -- -- -- -- -- --

Benzo(a)pyrene 390 ug/kg -- -- 730 -- -- -- -- -- 8200 -- -- -- -- -- -- --

Soil Contaminant EPA Region 3 Units AOC AOC AOC AOC AOC AOC AOC AOC AOC AOC AOC AOC Tank Process Process Process

  industrial 1 2 3 4 5 6 7 8 9 10 11 12 203 Sewer Sewer Sewer

risk-based Area A Area B Area C

concentration (RBC)

Arsenic 1.9 mg/kg 15.3 J 87 J 79.6 J 11.5 J 28.8 30.8 J < 23.9 J 36.6 13 54.9 92.4 90.6 138 65.5 45 25.4
Vanadium 1000 mg/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Benzo(a)anthracene 3900 ug/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Benzo(a)pyrene 390 ug/kg -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Note:
--  indicates that the contaminant was not detected above the risk-based screening level
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1. Introduction 

On behalf of PUMA Energy Caribe, LLP (PUMA) and pursuant to the requirements of 

the Agreement and Order on consent between PUMA and the United States 

Environmental Protection Agency (USEPA), ARCADIS Puerto Rico prepared this 

Hydrogeomorphic Functional Assessment Report (HGM report) for the former 

Caribbean Petroleum Corporation Refinery/Terminal located at Road PR-28, km 2, 

Luchetti Industrial Park in Bayamón, Puerto Rico (the site). The objective of this HGM 

functional assessment is to compare HGM data collected at an on-site wetland subject 

to a recent fire and associated management practices, including construction of water 

control structures (i.e., dikes and berms), to HGM data collected at a reference 

wetland. 

1.1 General Site Setting and History 

The site consists of an irregular-shaped, 179-acre parcel of land that includes several 

one-story buildings, storage tanks, pipelines, appurtenances, and supporting facilities 

constructed during different phases of site operations. Surface water features on the 

site include Las Lajas Creek and Diego Creek. Undeveloped wetland areas associated 

with Las Lajas Creek and Diego Creek comprise a portion of the northernmost  

64 acres of the site. The remaining portions of the site include paved parking lots, 

maintained lawn, and landscaped areas. 

The site operated as a petroleum refinery between 1955 and 2000, and continued to 

operate as a terminal facility for storage of various petroleum products (e.g., gasoline, 

diesel, jet fuel, and fuel oil) following the discontinuation of refinery operations. The 

terminal facility is connected via aboveground pipelines to a deepwater port facility with 

capacity to load and unload fuel products. The former owner rented a portion of its 

storage capacity to certain customers, including the Puerto Rico Electric Power 

Authority (PREPA). Other portions of the site were used to store and redistribute 

petroleum products to their network of service stations located throughout Puerto Rico.  

A series of explosions and fires damaged or destroyed many of the on-site storage 

tanks on October 23, 2009. An unknown quantity of petroleum was released during the 

incident. Some petroleum products were conveyed in runoff to Las Lajas Creek and an 

associated wetland to the north of the active portion of the site although it is likely that 

the fire consumed much of the released material (see Figure 1). 
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PUMA acquired the facility on May 11, 2011. PUMA and the USEPA entered into an 

Agreement and Order on Consent to implement the requirements of the remedial 

actions at the facility. The Facility is currently being decommissioned for demolition 

activities, removal actions, and refurbishing.  

1.2 Application of Hydrogeomorphic Approach for the Former Caribbean Petroleum 

Corporation Refinery/Terminal 

The overall objective of this HGM functional assessment is to identify if the October 

2009 fire and associated management activities impacted pre-existing ecosystem 

functionality of the exposed wetland (study wetland). To accomplish that objective, we 

will compare data collected at the study wetland to data collected at an on-site 

reference wetland using a modified HGM approach developed from applicable 

components of HGM approaches currently used in regions with similar wetland 

ecosystems. A HGM approach is a collection of concepts and methods for developing 

functional indices, and subsequently using them to assess the capacity of a wetland to 

perform functions relative to similar wetlands in a region (United States Army Corps of 

Engineers [USACE] 2002). 

The wetlands of Puerto Rico share many plant species with the subtropical wetlands of 

peninsular Florida (Environmental Laboratory [EL] 1978) although the USACE has not 

developed a regional guidebook for applying the HGM approach to assess wetlands in 

Puerto Rico. As such, ARCADIS Puerto Rico selected applicable functions and 

variables from A Regional Guidebook for Applying the Hydrogeomorphic Approach to 

Assessing Wetland Functions of Flats Wetlands in the Everglades (Noble, Evans et al. 

2002) and A Regional Guidebook for Applying the Hydrogeomorphic Approach to 

Assessing Wetland Functions of Low-Gradient, Backwater Riverine Wetlands in 

Peninsular Florida (Uranowski, Lin et al. 2003) to allow for comparison of ecosystem 

functionality between the subject and reference wetlands. Readily available information 

provided by the United States Fish and Wildlife Service’s (USFWS) National Wetlands 

Inventory (NWI) indicate that portions of the study wetland and reference wetland may 

be tidally influenced. As such, ARCADIS Puerto Rico also selected applicable 

functions and variables from A Regional Guidebook for Applying the Hydrogeomorphic 

Approach to Assessing the Functions of Tidal Fringe Wetlands along the Mississippi 

and Alabama Gulf Coast (Shafer, Roberts et al. 2007). 

The HGM classification identifies groups of similar wetlands using three criteria that 

fundamentally influence how wetlands function:  (1) geomorphic setting, (2) water 

source, and (3) hydrodynamics (USACOE 2002). The study wetland contains 



422121869.doc 3 

 
 
Hydrogeomorphic 
Functional 
Assessment Report 
Former Caribbean Petroleum 
Corporation 
Refinery/Terminal  
Bayamón, Puerto Rico 

 

characteristics typical of organic flats, tidal fringe wetlands, and low-gradient backwater 

riverine wetlands based on the classifications offered in the above-mentioned HGM 

regional guidebooks. ARCADIS Puerto Rico identified an on-site wetland with similar 

landscape position, geomorphic surfaces, and hydrology that was not exposed to the 

October 2009 fire to serve as a reference wetland for this HGM functional assessment.  

A HGM approach to functional assessment of ecosystems relies on identifying 

functions performed by a wetland. Ecosystem functions are generally sorted into four 
groups:  hydrology, biogeochemistry, plant community, and faunal habitat. Table 1 

includes the ecosystem functions selected for this HGM functional assessment. 

Table 1 Wetland Functions Addressed in the HGM Functional Assessment 
Comparison 

Functional 
Group Function Definition 

Hydrology Surface and subsurface 
water storage 

The ability of a wetland to temporarily store 
water inputs from (1) direct precipitation, (2) 
surface water runoff, (3) subsurface water from 
adjacent uplands, (4) overbank flow of surface 
water during storm events, and (5) tidal 
influence when flow is out of the channel 

Biogeochemistry 

Nutrient cycling The ability of a wetland to receive, store, and 
recycle nutrients through biotic and abiotic 
processes 

Export organic carbon The ability of a wetland to export dissolved and 
particulate organic carbon through processes 
including leaching, flushing, displacement, and 
erosion 

Plant community Characteristic plant 
community 

The ability of a wetland to promote the 
development and maintenance of a 
characteristic plant community, which includes 
the species composition and physical 
characteristics of living plant biomass within 
the wetland 

Faunal habitat Available habitat and 
connectivity 

The ability of a wetland to (1) support a variety 
of animal populations during all or part of their 
life cycle by providing heterogeneous habitats, 
and (2) permit aquatic organisms to enter and 
leave the wetland via permanent or ephemeral 
surface channels or corridors 

 

The remainder of this HGM report provides the physical and ecological setting of the 

study wetland and reference wetland (Section 2), identifies and provides the rationale 

for selecting the functions and variables used in this HGM report (Section 3), and 
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summarizes the results of the functional assessment conducted on September 20 and 

September 21, 2011 (Section 4). Section 5 provides references used to conduct the 
HGM functional assessment and prepare this HGM report. Appendix A provides 

resumes of the key personnel involved in this functional assessment. 

2. Site Background 

This section describes the physical and ecological setting of the study wetland and 

reference wetland in the context of watershed characteristics and land use, hydrologic 

inputs, soils, and plant community composition. The study wetland and reference 

wetland are located in a northern coastal valley within the geographic region of the 

moist coastal northern valleys of Puerto Rico (Ecosystems Associates [EA] 2001). 

Annual rainfall in this region ranges from 80 to 95 inches (EA 2001). Both wetlands are 

part of the alluvial plains of the north coast of Puerto Rico, which typically contain 

highly permeable sandy soils (EA 2001). By the turn of the century, nearly all remaining 

primary forests in the central and coastal valleys of Puerto Rico were cut to dedicate 

the land to sugar cane cultivation (EA 2001). 

2.1 Physical and Ecological Setting of Study Wetland 

PR-22 bounds the study wetland to the north, a slight rise in elevation that abuts a 

paved road to the east, a slight rise in elevation that provides a natural divide between 

the study and reference wetlands to the west, and developed portions of the site to the 

south. Coordinates for the approximate center of the study wetland are 18.25’16.83 

Latitude, 66.08’02.24 Longitude. A portion of Las Lajas Creek flows through the center 

of the study wetland (Figure 1). 

2.1.1 Topography 

Elevation of the study wetland is between two and five feet above mean sea level 

(amsl), as shown on the United States Geological Survey’s 7.5 minute series Bayamón 

Quadrangle topographic map. At the time of observation, the study wetland consisted 

of generally flat terrain with a surface gradient between 0 and 5 percent sloping to the 

north. These observations are consistent with observations of the study wetland 

described by EA in 2001. 
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2.1.2 Soils 

The majority of the study wetland contains soils classified by the United States 

Department of Agriculture (USDA) as Almirante clay, 2 to 5 percent slopes (USDA 

2008). A portion of the study wetland to the east contains soils classified by the USDA 

as Martín Peña muck (USDA 2008). The National Resources Conservation Service 

(NRCS) lists the Martín Peña muck on the National Hydric Soils List, indicating that 

these soils frequently coincide with the presence of wetlands (NRCS 2009). Almirante 

soils are not hydric. 

During the field component of the HGM functional assessment, ARCADIS Puerto Rico 

evaluated soils pursuant to methods presented in the Regional Supplement to the 

Corps of Engineers Wetland Delineation Manual:  Caribbean Islands Region (Version 

2.0) (USACE 2011). Although the soil profiles observed during the field activities did 

not resemble the soil descriptions for the Martín Peña muck nor Almirante clay, 2 to 5 

percent slopes, the soil profiles exhibited the following hydric soil indicators: 

• Three soil profiles (i.e., Q1, Q5 and Q8) contained a histic epipedon (i.e., a surface 

horizon eight inches or more thick of organic soil material) 

• Three soil profiles (i.e., Q4, Q6 and Q7) contained a depleted matrix (i.e., a six-

inch thick layer within 10 inches of the surface that has 60 percent or more of a 

depleted matrix with a chroma of two or less) 

• Q2 contained a depleted matrix below a dark surface (i.e., a six-inch thick layer 

within 12 inches of the surface that has 60 percent or more of a depleted matrix 

with a chroma of two or less) 

• Q9 exhibited redox dark surface (i.e., a four-inch thick layer within the upper  

12 inches that has a matrix value of three and chroma of two with redox greater 

than 5 percent concentration)  

• Q10 met the criteria for redox depressions (i.e., a depression subject to ponding 

with a two-inch thick layer that has more than 5 percent redox concentrations 

entirely in the upper six inches) 

The majority of soil profiles did not contain an organic layer at the time of observation. 
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2.1.3 Watershed Characteristics and Hydrologic Inputs 

The Las Lajas Creek is a low-flow, shallow perennial stream that originates in the hills 

south of the facility, traverses through the north-central part of the facility, and 

eventually discharges into San Juan Bay.  It has undergone significant alterations, 

including channelization and dredging, impoundment, and subsurface redirection 

through culverts. The Las Lajas Creek drains to a channelized surface water feature 

that flows into the San Juan Bay, approximately 2 miles downgradient of the site. 

The Las Lajas Creek Watershed consists of a 129-acre basin (see Figure 2). The 

headwaters of the Las Lajas Creek watershed include a mixture of forested outcrops 

and residential/landscaped areas that drain towards the developed portion of the site. 

Approximately 30 percent of the watershed is composed of developed land, which 

includes paved roads, residential housing, and commercial/industrial facilities.  

The current hydrology of the study wetland has been modified by anthropogenic 

alterations to Las Lajas Creek and adjacent lands within the Las Lajas Creek 

watershed. EA described primary hydrologic input to the study wetland as derived from 

direct precipitation and surface water runoff from developed areas (EA 2001). At the 

time of observation, a gabion retaining wall and earthen berm containing a flow control 

structure had been constructed across Las Lajas Creek as part of the October 2009 

fire management activities to help restrict potential downgradient migration of released 

petroleum product. As designed, the gabion retaining wall and earthen berm appears 

to have restricted hydrologic connection with the downgradient portion of Las Lajas 

Creek. These structures have resulted in the partial impoundment of surface water 

upstream of the earthen berm and in turn, appear to have increased the extent of on-

site wetlands associated with Las Lajas Creek. 

The USFWS’s NWI identified a portion of the study wetland as a tidally influenced 

emergent estuarine habitat that is irregularly exposed (NWI code:  EM1M). At the time 

of observation, fluctuating water levels were observed in the portion of Las Lajas Creek 

immediately downgradient of the study wetland, and appeared to be tidally influenced. 
Those observations support the NWI classification. Figure 3 presents the USFWS’s 

NWI map, obtained from digitized data available on the USFWS’s NWI Wetlands 

Mapper website (http://www.fws.gov/nwi/). 
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2.1.4 Historic and Existing Plant Communities 

By the turn of the century, nearly all remaining primary forests in the central and 

coastal valleys of Puerto Rico were cut to dedicate the land to sugar cane cultivation 

(EA 2001). The existing wetland adjacent to Las Lajas Creek has undergone significant 

anthropogenic alterations, and is predominantly an herbaceous community dominated 

by the following six species:  southern cattail (Typha domingensis), paja brava 

(Paspalum millegrana), sweet potato (Ipomoea batatas), Mexican primrose-willow 

(Ludwigia octovalvis), whitemouth dayflower (Commelina erecta), and coco yam 

(Colocasia esculenta). 

NWI maps identified freshwater forested/shrub, freshwater emergent, and estuarine 

and marine wetland habitat in the study wetland (see Figure 3). Although the wetlands 

presented on the NWI maps are not field-verified, they do provide preliminary 

information regarding the potential wetland communities present at a location.  

2.2 Physical and Ecological Setting of Reference Wetland 

PR-22 bounds the reference wetland to the north, a slight rise in elevation that abuts 

developed land adjacent to PR-5 to the west, a slight rise in elevation that provides a 

natural divide between the study and reference wetlands to the east, and developed 

portions of the site to the south. Coordinates for the approximate center of the 

reference wetland are 18.4209 Latitude, -66.1365 Longitude. A portion of Diego Creek 
flows through the center of the reference wetland (Figure 1). 

2.2.1 Topography 

Topography observed in the reference wetland is consistent with observations 

described by EA in 2001, and similar to topography observed in the study wetland (see 

Section 2.1.1). 

2.2.2 Soils 

The majority of the reference wetland contains soils classified by the USDA as 

Almirante clay, 2 to 5 percent slopes (USDA 2008). A portion of the reference wetland 

to the south and immediately adjacent to the developed portion of the site contains 

soils classified by the USDA as Urban land-Vega Alta complex (USDA 2008). 

Almirante and Urban land-Vega Alta complex soils are not hydric. 
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During the field component of the HGM functional assessment, ARCADIS Puerto Rico 

evaluated soils in the reference wetland pursuant to methods presented in the 

Regional Supplement to the Corps of Engineers Wetland Delineation Manual:  

Caribbean Islands Region (Version 2.0) (USACE 2011). Although the soil profiles 

observed during the field activities did not resemble the soil descriptions Almirante 

clay, 2 to 5 percent slopes, a soil profile (RQ5) did resemble the variable soil 

characteristics of Vega Alta complex soils. The remaining soil profiles exhibited the 

following hydric soil indicator: 

• Four soil profiles (i.e., RQ1, RQ2, RQ3 and RQ4) contained a histic epipedon (i.e., 

a surface horizon eight inches or more thick of organic soil material) 

2.2.3 Watershed Characteristics and Hydrologic Inputs 

The Diego Creek is shallow low-flow creek that traverses through the northwest portion 

of the facility, and has undergone alterations, including channelization, dredging, and 

subsurface redirection through culverts. The Diego Creek drains to a channelized 

surface water feature that flows into the San Juan Bay, approximately 2 miles 

downgradient of the site. Although the alterations to the Diego Creek and Las Lajas 

Creek are similar, the hydrologic connection of the Diego Creek to the San Juan Bay 

has not been impeded by water control structures. 

The Diego Creek watershed consists of a 576-acre basin (see Figure 2). The 

headwaters of the Diego Creek watershed include a mixture of forested outcrops and 

commercial areas that drain towards the site. Approximately 35 percent of the 

watershed is composed of developed land, which includes paved roads, commercial 

properties, and industrial facilities. 

The current hydrology of the reference wetland has been modified by anthropogenic 

alterations to the Diego Creek and adjacent lands within the Diego Creek watershed. 

Like the study wetland, EA described primary hydrologic input to the reference wetland 

as derived from direct precipitation and surface water runoff from developed areas (EA 

2001). The reference wetland was not exposed to the October 2009 fire, and did not 

receive associated management activities. As such, the Diego Creek maintained its 

hydrologic connection to the San Juan Bay. 

The USFWS’s NWI identified a portion of the reference wetland as tidally influenced 

emergent estuarine habitat that is irregularly exposed (NWI code:  EM1M). Although 

the portion of the Diego Creek that flows through the reference wetland was 
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inaccessible during the field activities, it is likely this portion of the Diego Creek is tidally 

influenced. Figure 3 presents the USFWS’s NWI map, obtained from digitized data 

available on the USFWS’s NWI Wetlands Mapper website (http://www.fws.gov/nwi/). 

2.2.4 Historic and Existing Plant Communities 

Like the existing wetland adjacent to Las Lajas Creek, the reference wetland has 

undergone significant anthropogenic alterations. It contains a similar plant community 

dominated by the following six species:  southern cattail, paja brava, sweet potato, 

coco yam, hairypod cowpea (Vigna luteola), and para grass (Urochloa mutica). 

NWI maps identified wetland habitat in the reference wetland similar to those identified 

in the study wetland (see Figure 3). As stated in Section 2.1.4, the wetlands presented 

on the NWI maps are not field-verified. However, the NWI maps provide preliminary 

information regarding the potential wetland communities present at a location. 

3. Assessment Model 

A HGM assessment model is a simple representation of a function performed by a 

wetland ecosystem that defines the relationship between one or more characteristics 

or processes of a wetland ecosystem (Noble, Evans et al. 2002). The HGM approach 

uses reference wetlands to identify the range of functional performance variability that 

occurs as a result of natural processes and disturbance, and anthropogenic alteration 

(Noble, Evans et al. 2002). Reference standard wetlands are the subset of reference 

wetlands that perform the suite of functions selected for the regional wetland subclass 

at a level that is characteristic of the least altered sites in the least altered landscapes 

(Noble, Evans et al. 2002), and are used as the basis for evaluating the functional 

capacity of a particular wetland. Functional capacity is the ability of a wetland to 

perform a function as compared to the performance of reference standard wetlands 

(Noble, Evans et al. 2002).  

The objective of this HGM functional assessment is to identify if the October 2009 fire 

and associated management activities impacted pre-existing ecosystem functionality 

of the study wetland relative to the reference wetland. As discussed in Section 2, 

neither the study wetland nor the reference wetland is representative of the least 

altered sites in the least altered landscapes of Puerto Rico. As such, models, variables, 

and associated sub-index scores used to assess the functional capacity in this HGM 

functional assessment are based on those presented in the HGM regional guidebooks, 

identified in Section 1. ARCADIS Puerto Rico used professional judgment to select 
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variables, and develop associated sub-index scores and functional models for the 

following five ecosystem functions: 

• Surface and subsurface water storage 

• Nutrient cycling 

• Export organic carbon 

• Characteristic plant community 

• Available habitat and connectivity 

We have described the functions and variables selected for this HGM functional 

assessment comparison in the following sections. 

3.1 Assessment Variables 

Variables represent the characteristics of a wetland ecosystem that influence the 

capacity of that ecosystem and surrounding landscape to perform a function 

(Uranowski, Lin et al. 2003). This HGM functional assessment uses 12 variables as 

inputs into the ecosystem functions. 

We have provided a definition and description of each variable in the following sub-

sections. Section 3.2 presents the results of each variable for the reference and study 

wetlands. Appendix B provides the HGM functional assessment datasheets that detail 

the measurements of each variable. 

3.1.1 Invasive Vegetation Cover (VINVASIVE) 

This variable represents the total cover of non-native and invasive vegetation in a 

wetland, and is defined as the average percent cover of non-native and invasive 

vegetation in all strata within multiple plots. The presence of non-native or invasive 

species is considered an indicator of site degradation, and is assumed to downgrade 

the performance of characteristic plant community maintenance and available wildlife 

habitat. For this HGM functional assessment, non-native and invasive species are 

those plant species identified by the Natural Resources Conservation Services Plants 

Database as introduced to and/or invasive in Puerto Rico (USDA 2011). 
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Noble, Evans et al. (2002) observed that percent cover of invasive vegetation within 

flats reference standard wetlands ranged between 0 and 3 percent. It is assumed that 

cover of invasive vegetation above 3 percent indicates unnatural levels of productivity, 

changes in hydroperiod, and increased evapotranspiration (Noble, Evans et al. 2002). 

It is also assumed that invasive and non-native species negatively influence available 

wildlife habitat in the form of cover and food sources. We have estimated percent cover 

of non-native and invasive vegetation for the respective wetland using the following 

procedure to quantify this variable: 

• Non-native and invasive species were identified in each 1-m2 sample plot, and 

assigned a cover class rank based on the Daubenmire method as described by 

Barbour, Burke et al. (1999). 

• The midpoint of each cover class rank was used to calculate the total percent 

cover of non-native and invasive species in each sample plot. 

• Total percent cover of non-native and invasive species for all sample plots within 

the respective wetland was averaged. 

• A sub-index score was assigned to each wetland based on the sub-index scores 

for invasive vegetation developed by Noble, Evans et al. (2002) for Organic Flats 

Everglades wetlands. 

3.1.2 Cover of Woody Vegetation (VWOODY) 

This variable represents the average aerial cover of leaves and stems of woody 

vegetation (i.e., shrubs, saplings and trees combined), and is measured as the percent 

cover of woody plants within multiple sample plots, excluding vines. For the purpose of 

this HGM functional assessment, trees included woody stems more than three inches 

diameter at breast height (dbh) regardless of height (USACE 2011). Shrubs and 

saplings included woody plants less than three inches dbh and greater than or equal 

to 3.28 feet high (USACOE 2011). 

Shrub and tree cover data were combined based on the rationale provided by Noble, 

Evans et al. (2002). In the Everglades reference sites, percent cover of woody 

vegetation ranged from 0 to 35 percent (Noble, Evans et al. 2002). As percent cover of 

woody vegetation increases above 3 percent, a linearly decreasing sub-index score 

down to 0.1 was assigned for wetlands at 80 to 100 percent cover of woody vegetation 

based on the assumption that the amount of woody vegetation cover is linearly related 
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to levels of evapotranspiration (Noble, Evans et al. 2002). It was also assumed that if 

woody cover reached 80 to 100 percent, evapotranspiration would not prevent the site 

from being inundated during most years, but would reduce the duration of inundation 

(Noble, Evans et al. 2002). 

The percent cover of woody vegetation for the respective wetland was identified using 

the following procedure: 

• The percent of the ground surface covered by woody vegetation was visually 

estimated in each 10-meter radius sample plot. 

• The percent of woody vegetation cover from all of the plots within the respective 

wetland was averaged and reported as a percent between 0 and 100. 

• A sub-index score was assigned for each wetland based on the woody vegetation 

sub-index scores developed by Noble, Evans et al. (2002) for Flats Everglades 

wetlands. 

3.1.3 Surface Soil Texture (VSURTEX) 

This variable represents the USDA soil texture of the surface horizon or layer of the soil 

profile (i.e., upper 12 inches from the soil surface) typically found in a wetland. Soil is 

the medium on which and in which water is stored (Noble, Evans et al. 2002). Soil 

texture observed by Noble, Evans et al. (2002) in the Everglades ranged from marl or 

muck to gravel. Based on reference standard sites, muck was the soil texture typical of 

Organic Flats (Noble, Evans et al. 2002). Other USDA’s textural classes, received 

categorically lower sub-index scores down to zero for gravel, bedrock, and pavement. 

Although sub-index scores for soil texture have not been identified for wetlands in 

Puerto Rico, it is assumed the soil texture sub-index scores developed by Noble, 

Evans et al. (2002) should adequately characterize surface and subsurface water 

storage capacity and available wildlife habitat. For the purpose of this HGM 

functional assessment, soil textures identified as fibric-organic are assumed to have 

similar properties as muck, soil textures identified as silty clay are assumed to have 

similar properties as clay, and soil textures identified as silty clay loam are assumed 

to have similar properties as loam. Surface soil texture for the respective wetland was 

determined using the following procedure: 
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• The texture class of the surface horizon was estimated using the texture by feel 

method1 in each of the 1-m2 sample plot. 

• A sub-index score was assigned for each soil profile based on the soil texture sub-

index scores developed by Noble, Evans et al. (2002) for Organic Flats Everglades 
wetlands (see Table 2). If a soil profile contained multiple soil texture classes, the 

soil texture sub-index score was calculated as a weighted average based on the 

total thickness of each texture class within the 12-inch soil profile. 

• The sub-index value was determined by averaging the scores from each of the 

sample plots within the respective wetland. 

Table 2 Soil Surface Texture for Organic Flats Everglades Wetlands 

Soil Texture Sub-Index Score 

Muck/Organic1 1.0 

Marl1 0.8 

Silt 0.9 

Silt loam 0.9 

Loam 0.5 

Gravelly silt loam (15 percent to <35 percent gravel) 0.4 

Gravely silt (15 percent to <35 percent gravel) 0.4 

Very gravely silt loam (35 percent to <60 percent gravel) 0.3 

Very gravelly silt (35 percent to 1<60 percent gravel) 0.3 

Sandy loam 0.2 

Clay 0.2 

Sand 0.2 

Loamy sand 0.2 

Extremely gravely silt loam (60 percent to <90 percent gravel) 0.2 

Extremely gravely silt (60 percent to <90 percent gravel) 0.2 

Gravel1 (≥90 percent gravel) 0.1 

Rock 0.0 

                                                      

1 The methods used to determine soil texture by feel were adapted from methods presented in 
Agronomy Education (Thien 1979) and the USACE Regional Supplement to the Corps of 
Engineers Wetland delineation Manual:  Midwest Region (Version 2.0) (USACOE 2010). 
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Soil Texture Sub-Index Score 

Pavement2 0.0 

 

3.1.4 Average O-Horizon Thickness (VOHORIZON) 

This variable represents the average total thickness of the O-horizon observed in a 

wetland. Organic soils exhibit a greater water holding capacity than mineral soils 

(Mitsch and Gosselink 2000). As such, surface soil texture contributes to water storage 

capacity (Noble, Evans et al. 2002). O-horizon biomass is also indicative that nutrients 

in the organic matter are being recycled (Uranowski, Lin et al. 2003). Since reference 

standard wetlands observed by Noble, Evans et al. (2002) contained soil profiles high 

in organic content, and Uranowski, Lin et al. (2003) established a positive linear trend 

between the percent cover of the O-horizon and nutrient cycling, it is assumed that O-

horizon thickness within a wetland would contribute to water storage and nutrient 

cycling. Based on this assumption and information provided by the regional 

guidebooks, it is likely that O-horizon thickness exhibits a relationship to functional 

capacity similar to the relationship presented by Uranowski, Lin et al. (2003) for O-

horizon biomass. Average O-horizon thickness for the respective wetland was 

calculated using the following procedure: 

• The O-horizon thickness within a 12-inch soil profile was measured in each 1-m2 

sample plot. 

• O-horizon thickness for all sample plots within the respective wetland was 

averaged. 

• The average O-horizon thickness was then reported as a percent of the 12-inch 

soil profile. 

• A sub-index score was assigned for each wetland based on the O-horizon 

biomass sub-index scores developed by Uranowski, Lin et al. (2003) for low-

gradient blackwater riverine wetlands in peninsular Florida. 

                                                      

2 Term used in lieu of texture. 



422121869.doc 15 

 
 
Hydrogeomorphic 
Functional 
Assessment Report 
Former Caribbean Petroleum 
Corporation 
Refinery/Terminal  
Bayamón, Puerto Rico 

 

3.1.5 Herbaceous Vegetation Cover (VHERB) 

This variable represents the total cover of herbaceous vegetation in a plant community 

of a wetland, exclusive of submerged aquatic vegetation and periphyton. Herbaceous 

vegetation cover is assumed to contribute to the functions of nutrient cycling, 

characteristic plant community, and available wildlife habitat. Although not measured,  

0 percent cover of emergent macrophytic vegetation in Organic Flats was assumed to 

indicate severely altered conditions (Noble, Evans et al. 2002). Noble, Evans et al. 

(2002) observed from data collected in Organic Flats that as cover of emergent 

macrophytic vegetation increased from zero, functionality was observed to linearly 

increase until a maximum level of functionality was reached between 22 and 42 

percent. As cover of emergent macrophytic vegetation increased above 42 percent, 

functionality was anticipated to decrease as cover reached 100 percent. This was 

based on the assumption that the increase in emergent macrophytic vegetation cover 

indicates unnatural levels of productivity (Noble, Evans et al. 2002) and a reduction in 

available wildlife habitat. It was however assumed that cover of emergent vegetation in 

excess of the optimal range still contributes to nutrient cycling, characteristic plant 

community, and available wildlife habitat. 

Although sub-index scores for total cover of herbaceous vegetation have not been 

identified for wetlands in Puerto Rico, it is assumed the sub-index scores for 

macrophytic vegetation in Organic Flats developed by Noble, Evans et al. (2002) 

should adequately characterize the relationship between herbaceous vegetation 

cover and functional capacity. Percent cover of herbaceous vegetation for the 

respective wetland was estimated using the following procedures to quantify this 

variable: 

• All species were identified in each 1-m2 sample plot and assigned a cover class 

rank based on the Daubenmire method as described by Barbour, Burke et al. 

(1999). 

• The midpoint of each cover class rank was used to calculate the total percent 

cover of each sample plot. 

• The total percent cover for all sample plots within the respective wetland was 

averaged. 
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• A sub-index score was assigned to each wetland based on the sub-index scores 

for the percent cover of macrophytic vegetation developed by Noble, Evans et al. 

(2002) for Organic Flats Everglades wetlands. 

3.1.6 Plant Species Composition (VCOMP) 

This variable represents the composition of dominant species currently indentified in 

the study wetland and reference wetland with respect to the composition of dominant 

species identified in both wetlands observed during a wetland assessment conducted 

before the October 2009 fire by EA in 2001. In Everglades’ reference wetlands, percent 

concurrence with dominant species ranged from 0 to 100 percent (Noble, Evans et al. 

2002). Based on the data from reference standard sites, Noble, Evans et al. (2002) 

assigned a variable sub-index of one when concurrence with dominant species was 

100 percent for a wetland subclass. As percent concurrence decreased, a linearly 

decreasing sub-index down to zero was assigned based on the assumption that the 

relationship between plant species composition and the capacity of Everglades 

wetlands to maintain a characteristic plant community and available wildlife habitat is 

linear (Noble, Evans et al. 2002). 

Ideally, plant species composition would be determined for numerous reference sites 

to identify the plant species composition, and establish a variable sub-index with 

respect to the least disturbed wetland systems in Puerto Rico. The objective of this 

HGM functional assessment is however to compare current conditions in the study 

wetland and reference wetland relative to conditions that existed before the  

October 2009 fire. As such, the percent occurrence of dominant species will be 

calculated for the study and reference wetlands with respect to the dominant species 

identified in the on-site wetland during a wetland assessment conducted in 2001. 

Percent concurrence was quantified using the following procedure: 

• Dominant species were identified in 1-m2 sample plots using the 50/20 rule, as 

described by Tiner (1999). Species were ranked in descending order based on 

total percent cover. Dominants were identified by summing the relative cover for 

each ranked species in descending order until 50 percent was exceeded. If 

multiple species had equal values for percent cover and the 50 percent threshold 

had not been exceeded, all species with that percent cover value were considered 

dominants. Additional species that individually represented greater than 20 percent 

relative cover were also considered dominant. 
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• Percent concurrence was calculated by comparing the list of dominant plant 

species in the respective wetland to the list of dominant species identified during 

the 2001 wetland assessment. For example, if all the dominants from the area 

being assessed occur on the list of dominants from reference standard wetlands, 

then there is 100 percent concurrence. If three of the five dominant species from 

the area being assessed occur on the list, then there is a 60 percent concurrence. 

• A sub-index score was assigned to each wetland based on the sub-index scores 

for plant species composition developed by Noble, Evans et al. (2002) for Organic 

Flats Everglades wetlands. 

3.1.7 Tree Basal Area (VTREE) 

This variable represents the total mass of organic material per unit area in trees that 

occupy a wetland. Trees are defined as woody stems greater than three inches dbh 

regardless of height (USACOE 2011).  

Basal area is the area occupied by the tree stems, and represents the mass of organic 

material per unit area in the tree stratum (Uranowski, Lin et al. 2003). Tree basal area 

indicates to what extent trees are present, taking up nutrients, and producing biomass. 

Although basal area ranges have not been established for wetlands in Puerto Rico, it is 

assumed that the relationship between tree basal area and a wetlands capacity to 

cycle nutrients is linear, as observed by Uranowski, Lin et al. (2003). Tree basal area 

for the respective wetland was determined using the following procedure: 

• The species and dbh of each tree within each 20-meter diameter sample plot was 

recorded. 

• Dbh measurements for each 20-meter sample plot were converted to area, 

summed, and then converted to square meters. 

• The results from all sample plots within the respective wetland were averaged and 

converted to a per-hectare basis. 

• A sub-index score was assigned to each wetland based on the sub-index scores 

for tree biomass developed by Uranowski, Lin et al. (2003). 
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3.1.8 Density of Understory (VSSD) 

This variable represents the amount of woody vegetation (i.e., shrubs and saplings) 

per unit area in the sapling/shrub stratum of a wetland. For this HGM functional 

assessment comparison, the sapling/shrub stratum consisted of woody plants less 

than three inches dbh and greater than or equal to 3.28-feet tall, exclusive of woody 

vines (USACE 2011). 

As discussed by Uranowski, Lin et al. (2003), understory density is inversely related 

to tree basal area in a mature riverine forest (i.e., as tree basal area increases with 

maturity, shrub and sapling density decreases). Understory vegetation density may 

therefore serve as an indicator of habitat structure (Uranowski, Lin et al. 2003). 

Understory biomass density likely contributes to nutrient cycling. 

In west-central peninsular Florida reference wetlands, understory vegetation stem 

density ranged from zero to nearly 2,500 stems/ha (Uranowski, Lin et al. 2003). 

Based on data from reference standard sites, Uranowski, Lin et al. (2003) assigned a 

variable sub-index of one to wetlands when understory vegetation stem density was 

between 150 and 1,400 stems/ha. As understory stem density decreased, the 

assigned sub-index linearly decreased to zero at zero stems/ha. This was based on 

the assumption that if understory vegetation does not exist, it does not contribute to 

functional capacity (Uranowski, Lin et al. 2003). A linearly decreasing sub-index was 

assigned as understory vegetation stem density increased from 1,400 stems/ha to 

1,900 stems/ha and above (Uranowski, Lin et al. 2003). 

Although the optimal range for understory vegetation stem density has not been 

identified for wetlands in Puerto Rico, it is likely that the relationship between the 

density of the understory and a wetland’s capacity to cycle nutrients and provide 

wildlife habitat is similar to the relationship observed by Uranowski, Lin et al. (2003). 

The density of understory biomass was calculated for each wetland using the 

following procedure: 

• All shrubs and saplings within multiple six-meter diameter sample plots of the 

respective wetland were counted. 

• Density of shrubs and saplings per hectare was calculated from the total counts. 

• A sub-index score was assigned to each wetland based on the sub-index scores 

for understory vegetation biomass developed by Uranowski, Lin et al. (2003). 
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3.1.9 Woody Debris (VWD) 

This variable represents the amount of woody debris on or near the surface of the 

ground. For the purpose of this HGM functional assessment, woody debris is defined 

as down and dead woody stems greater than three inches in diameter that are no 

longer attached to living plants. 

Despite its relatively slow turnover rate, woody debris is an important component of 

food webs, nutrient cycles, and wildlife habitat (Uranowski, Lin et al. 2003). Although 

the optimal range for the amount of woody debris has not been identified for 

wetlands in Puerto Rico, it is likely the relationship between woody debris biomass 

and the functional capacity of nutrient cycling, exportation of organic carbon, and the 

spatial structure and available wildlife habitat is similar to the relationship observed 

by Uranowski, Lin et al. (2003). Volume of woody debris for the respective wetland 

was estimated using the following procedure: 

• The length and diameter was measured to the nearest centimeter for all woody 

debris observed in each 1-m2 sample plot. The volume of each piece of woody 

debris was calculated and converted to meters cubed (m3). 

• The volume of woody debris observed in the sample plots was averaged and 

converted to m3 per hectare.  

• A sub-index score was assigned to each wetland based on the sub-index scores 

for woody debris biomass developed by Uranowski, Lin et al. (2003). 

3.1.10 Hydrologic Regime (VHYDRO) 

This variable represents the degree of hydrologic alteration to a wetland, which would 

impact the natural connection of upstream and downstream water sources (e.g., tidal 

flushing and stream flow). A natural connection to upstream and downstream water 

sources is assumed to contribute to the exportation of organic carbon and habitat 

connectivity for aquatic species. As discussed by Shafer, Roberts et al. (2007), it is not 

practical to install and monitor water level recorders at each wetland assessment area. 

As such, this variable was evaluated based on the degree of hydrologic alteration 

present with a particular wetland. Hydrologic regime functional values were estimated 

for the respective wetland using the following procedure, based on guidance provided 

by Shafer, Roberts et al. (2007): 



422121869.doc 20 

 
 
Hydrogeomorphic 
Functional 
Assessment Report 
Former Caribbean Petroleum 
Corporation 
Refinery/Terminal  
Bayamón, Puerto Rico 

 

• The wetland was visually inspected to identify if there was any evidence of 

hydrological alteration (e.g., berms, culverts or fill) that could affect normal tidal 

hydrology or stream flow. The value of the variable sub-index was assumed to be 

one unless any of the altered conditions described in Table 3 were observed. 

• A sub-index score was assigned to each wetland by matching the site condition 
with the variable associated sub-index score from Table 3. 

Table 3 Relationship between Hydrologic Regime and Functional Capacity 

Site Condition Sub-Index Score 

Wetland is open to free exchange of tidal waters and normal stream 
flow; no obvious hydrologic alteration, fill, or restrictions present 

1.00 

Minor hydrologic alteration or restriction present (i.e., presence of 
low-elevation berm, which is frequently overtopped by high-tide 
events or has multiple breaches or large culverts); presence of some 
fill that raises a small portion (<20 percent of marsh area) of marsh 
surface above normal tidal flooding zone 

0.75 

Moderate hydrologic alteration present (i.e., presence of high-
elevation berm, which is infrequently overtopped by high-tide events 
or has a single opening, breach, or small culvert); greater extent of fill 
(>20 percent) that raises portions of the wetland surface elevation 
above normal tidal flooding zone 

0.50 

Severe hydrologic alteration; site only receives tidal floodwaters during 
extreme tide events (i.e., surface elevation of wetland is above normal 
tidal flooding zone; blocked culvert, etc.) 

0.25 

Site is isolated from tidal exchange; the principal source of flooding is 
water sources other than tidal action (i.e., precipitation or groundwater) 

0.00 

 

3.1.11 Habitat Connections (VCONNECT) 

This variable represents the percentage of the wetland that is connected to other types 

of wetlands, upland forests, or other suitable wildlife habitat. Agricultural fields, mined 

areas, or developed areas are not considered suitable habitat (Noble, Evans et al. 

2002). An adjacent habitat is considered connected if it is within half kilometer of the 

perimeter of the wetland, which is the most restrictive distance between connected and 

disconnected habitats as identified from the literature (Noble, Evans et al. 2002), 

unless it is separated by a road crossing or other impassable feature, based on 

professional judgment.  
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Based on data from reference standard sites for flats wetlands in the Everglades, a 

sub-index of one was assigned when 75 percent or more of the wetland tract perimeter 

was connected to suitable wildlife habitat (Noble, Evans et al. 2002). As the percentage 

of wetland tract perimeter decreased, a linearly decreasing sub-index was assigned 

down to zero at zero percent connected wetland perimeter. As connections to other 

suitable habitats decrease, so does the suitability of the wetland tract as habitat for 

wide-ranging species or for those that require other habitats for a portion of their life 

cycle (Noble, Evans et al. 2002). Although index scores for habitat connections have 

not been identified for wetlands in Puerto Rico, it is assumed that wildlife habitat 

functionality exhibits a similar linear relationship to habitat connection, as observed 

by Noble, Evans et al. (2002).  

The percentage of the perimeter of the wetland tract that is directly adjacent to or 

connected was calculated using the following procedure: 

• The total length of the wetland tract perimeter was measured using recent aerial 

photography. 

• The length of the wetland connected to suitable habitat, such as other types of 

wetlands, upland forest, or other wildlife habitats, was measured. 

• The length of connected wetland perimeter was divided by the total length of the 

wetland perimeter, and converted to a percentage of the perimeter. 

• A sub-index score was assigned to each wetland based on the sub-index scores 

for habitat connections developed by Noble, Evans et al. (2002). 

3.1.12 Wetland Core (VCORE) 

This variable represents the percent of the wetland that has at least a 990-foot buffer 

separating it from adjacent habitat, which is referred to as interior core area. Interior 

core area is dictated by both the size and shape of the wetland (Noble, Evans et al. 

2002). The percentage of interior core observed in Everglades Flats reference 

standard wetlands ranged from 49 to 95 percent (Noble, Evans et al. 2002). It was 

assumed that as the interior core area decreased below 49 percent, the suitability of 

the wetland tract for species requiring isolation from predators that frequent edges 

would likewise decrease. Although a minimum interior core percentage has not been 

identified for wetlands in Puerto Rico, it is assumed that that wildlife habitat functional 

capacity of a wetland exhibits a similar relationship to the percent interior core within 
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a wetland, as observed by Noble, Evans et al. (2002). The percentage of interior core 

was calculated using the following procedure: 

• The area of the wetland within a buffer of 990 feet was measured using current 

aerial photography. 

• The area of the wetland within the buffer was divided by the total size of the 

wetland, and converted to a percentage. 

• A sub-index score was assigned to each wetland based on the sub-index scores 

for the percentage of interior core area developed by Noble, Evans et al. (2002). 

3.2 Assessment Model Functions 

3.2.1 Surface and Subsurface Water Storage 

Surface and subsurface water storage is the presence of conditions that allow water 

source, storage, and outflow dynamics to occur in a manner typical of similar wetlands 

in a region (Noble, Evans et al. 2002). The capacity of a wetland to store surface and 

subsurface water is critical to the integrity of the ecosystem (Noble, Evans et al. 2002). 

Wetland hydrology is probably the single most important determinant of the 

establishment and maintenance of specific types of wetlands and wetland processes 

(Mitsch and Gosselink 2000). 

The following variables were used in the assessment model for the function Surface 

and Subsurface Water Storage: 

• Invasive Vegetation Cover (VINVASIVE) 

• Cover of Woody Vegetation (VWOODY) 

• Surface Soil Texture (VSURTEX) 

• Average O-Horizon Thickness (VOHORIZON) 

The assessment model used to calculate the functional capacity index (FCI) is as 

follows: 
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FCI =          VINVASIVE + VWOODY + VSURTEX + VOHORIZON 

                                                    4 

 

In this model, the soil texture VSURTEX and the assumed volume of organic material in a 

wetland VOHORIZON influence a wetlands ability to hold water. The presence of invasive 

species VINVASIVE and woody vegetation VWOODY within a wetland likely affect the rate of 

evapotranspiration. All variables are averaged together because it is unclear if any 

variable is more important from the standpoint of water storage. 

Table 4 Function 1 - Surface and Subsurface Water Storage 

Wetland Variable Scores FCI 

 VSURTEX VOHORIZON VINVASIVE VWOODY  

Reference 0.87 0.80 0.20 1.00 0.72 

Study 0.43 0.15 0.45 1.00 0.53 

 

3.2.2 Characteristic Plant Community 

Many attributes and processes, such as primary productivity, nutrient cycling, and the 

ability to provide a variety of habitats to maintain diverse wildlife populations, are 

directly influenced by the plant community of a wetland (Noble, Evans et al. 2002). As 

such, the ability to maintain a characteristic plant community is important to providing 

stability for those attributes and processes. 

The following variables were used in the assessment model for the function 

Characteristic Plant Community: 

• Herbaceous Vegetation Cover (VHERB) 

• Invasive Vegetation Cover (VINVASIVE) 

• Plant Species Composition (VCOMP) 

• Surface Soil Texture (VSURTEX) 
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The assessment model used to calculate the FCI is as follows: 

                                                                                                                    ½ 

 

        VHERB + VINVASIVE    + VCOMP 

     FCI =                           2                                       X    VSURTEX 

                                           2 

 

In this model, the capacity of a wetland to maintain a characteristic plant community is 

dependent of the existing vegetation and soils. The percent cover of herbaceous 

vegetation (VHERB) and invasive species (VINVASIVE) is averaged because it is assumed 

these variables contribute equally to the plant community. Similar to the FCI developed 

by Noble, Evans et al. (2002), plant species composition is averaged with the result of 

the average of VHERB and VINVASIVE to add greater weight to plant species composition 

VCOMP. 

Surface soil texture VSURTEX and the result for the vegetation components are averaged 

using a geometric mean based on the assumption that both species composition and 

soil factors equally contribute to the maintenance of a characteristic plant community. If 

the sub-indices for the variables in either part of the model decrease, there will be a 

reduction in the FCI to zero if either part equals zero. 

Table 5 Function 2 - Characteristic Plant Community 

Wetland Variable Scores FCI 

 VHERB VINVASIVE VCOMP VSURTEX  

Reference 0.20 0.20 0.33  0.87 0.48 

Study 0.20 0.45 0.44 0.43 0.40 

 

3.2.3 Nutrient Cycling 

Nutrient cycling is defined as the ability of a wetland to receive nutrient inputs; store 

nutrients in biotic and abiotic pools; circulate and transform nutrients through living and 

dead organic matter; replenish nutrients through decomposition and weathering; and 

remove nutrients through leaching, gaseous, and other losses (Uranowski, Lin et al. 

2003). As discussed by Uranowski, Lin et al. (2003), nutrient cycling maintains the 
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proper amount of available nutrients in a wetland ecosystem. The loss of nutrients in 

the system would result in decreased primary and secondary production, as well as 

reduced rates of decomposition (Uranowski, Lin et al. 2003). In this model, specific 

nutrients are not considered individually. Instead, all nutrients in general are 

considered by this function, which represents the amount of nutrients processed by a 

wetland over a period of a year or less. The following variables were used in the 

assessment model for the function Nutrient Cycling: 

• Herbaceous Vegetation Cover (VHERB) 

• Tree Basal Area (VTREE) 

• Density of Understory (VSSD) 

• Surface Soil Texture (VSURTEX) 

• Average O-Horizon Thickness (VOHORIZON) 

• Woody Debris (VWD) 

The assessment model used to calculate the FCI is as follows: 

 

        VTREE + VHERB + VSSD        +      VOHORIZON + VSURTEX + VWD 

     FCI =                           3                                          3 

                                                            2 

In this model, the capacity of a wetland to cycle is dependent on characteristics of the 

existing vegetation and soils. Similar to the FCI developed by Uranowski, Lin et al. 

(2003), the presence of all strata of the plant community is represented by the model 

variables VTREE, VSSD, and VHERB. These partially compensatory variables (Smith and 

Wakeley 2001) are combined using an arithmetic mean, based on an assumption of 

equal importance for each stratum of the plant community, and the fact that the total 

loss of one of the strata (i.e., a variable subindex of zero) would not cause nutrient 

cycling to cease. The presence of long- and short-term detrital and soil components is 

represented by the variables VOHORIZON, VSURTEX, and VWD. These partially 

compensatory variables are averaged based in the assumption that all detrital 

components are given equal importance in nutrient cycling (Uranowski, Lin et al., 

2003). The two parts of the model are averaged because the production and 



422121869.doc 26 

 
 
Hydrogeomorphic 
Functional 
Assessment Report 
Former Caribbean Petroleum 
Corporation 
Refinery/Terminal  
Bayamón, Puerto Rico 

 

decomposition processes in nutrient cycling are considered to be interdependent and 

equally important (Uranowski, Lin et al., 2003). 

Table 6 Function 3 - Nutrient Cycling 

Wetland Variable Scores FCI 

 VHERB VTREE VSSD VSURTEX VOHORIZON VWD  

Reference 0.2 0.0 0.0 0.87 0.80 0.0 0.31 

Study 0.2 0.0 1.0 0.43 0.15 0.0 0.30 

 

3.2.4 Export Organic Carbon 

This function is defined as the capacity of a wetland to export dissolved and particulate 

organic carbon through processes, including:  leaching, flushing, displacement, and 

erosion. Dissolved organic carbon is a significant source of energy for the microbes 

that form the base of the detrital food web in aquatic ecosystems (Uranowski, Lin et al. 

2003). The high productivity and close proximity of riverine wetlands to streams make 

them important sources of dissolved and particulate organic carbon for aquatic 

food/detrital webs and biogeochemical processes in downstream aquatic habitats.  

The following variables were used in the assessment model for the function Export 

Organic Carbon: 

• Woody Debris (VWD) 

• Average O-Horizon Thickness (VOHORIZON) 

• Hydrologic Regime (VHYDRO) 

The assessment model used to calculate the FCI is as follows: 

                                                                                             ½  

 

        VWD + VOHORIZON      X    VHYDRO 

     FCI =                           2                                        
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In this model, the sources of dissolved and particulate organic carbon are represented 

by VOHOR and VWD, and are averaged because it is unlikely that either variable has the 

ability to independently cease or significantly decrease functional capacity. VHYDRO 

reflects whether the mechanism for exporting organic carbon from the wetland is in 

place.  

The average of VOHOR, VWD, and VHYDRO are averaged by taking the geometric mean 

because either subpart is independently capable of significantly reducing the amount of 

carbon being exported (Uranowski, Lin et al. 2003). If an organic matter source is not 

present, carbon export will not occur. Similarly, if the transport vector is absent, carbon 

export will decrease or cease (Uranowski, Lin et al. 2003). 

Table 7 Function 4 - Export Organic Carbon 

Wetland Variable Scores FCI 

 VWD VOHORIZON VHYDRO  

Reference 0.00 0.80 1.00 0.63 

Study 0.00 0.15 0.00 0.00 

 

3.2.5 Available Habitat and Connectivity 

This model is assumed to reflect the habitat necessary to provide food, cover, and 

nesting opportunities for birds and other wildlife species. Similar to the FCI model 

developed by Noble, Evans et al. (2002), the variables are grouped into the three 

major components:  landscape, soils and structure, and plant community. This model 

considers on-site conditions and connectivity with adjacent habitat. The emphasis is 

however on on-site conditions. Even in largely fragmented landscapes, the majority of 

wildlife species will use the site during certain seasons or for part of their life cycle if 

reference standard conditions exist on the site (Noble, Evans et al. 2002). 

The following variables were used in the assessment model for the function Available 

Habitat and Connectivity: 

• Herbaceous Vegetation Cover (VHERB) 

• Invasive Vegetation Cover (VINVASIVE) 

• Plant Species Composition (VCOMP) 
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• Surface Soil Texture (VSURTEX) 

• Woody Debris (VWD) 

• Density of Understory (VSSD)  

– Hydrologic Regime (VHYDRO) 

– Habitat Connections (VCONNECT) 

– Wetland Core (VCORE) 

The assessment model used to calculate the FCI is as follows: 

 

                                                                                              

             VSURTEX + VWD + VSSD +  VHERB + VINVASIVE + VCOMP +       VHYDRO + VCONNECT +VCORE      

FCI =                                                                                                                          3    

                       

                                                                                   7            

 

The variables Habitat Connections (VCONNECT), Interior Core Area (VCORE), and Wetland 

Hydrologic Regime (VHYDRO) reflect landscape scale attributes of the wetland and the 

landscape in which the wetland is located. VCORE represents the size of the wetland. 

VCONNECT and VHYDRO represent the isolation of the wetland from adjacent suitable 

habitats. The plant community structure is represented by the individual components 

Herbaceous Vegetation Cover (VHERB), Plant Species Composition (VCOMP), and 

Invasive Vegetation Cover (VINVASIVE). Woody Debris (VWD), Density of Understory 

(VSSD), and Soil Surface Texture (VSURTEX) are used in this function as an indication of 

habitat structure available to vertebrates (e.g., birds, mammals and reptiles) and 

invertebrates that live in the soil. 

The landscape level features (i.e., VCONNECT, VCORE, and VHYDRO) are considered 

equally and averaged. The habitat structure features (i.e., VSURTEX, VWD, and VSSD) and 

plant community level features (i.e., VHERB, VINVASIVE, and VCOMP) are also considered 

of equal weight, but are averaged with the average of the landscape features to give 

greater weight to the on-site habitat variables. In other words, if the on-site community 

is degraded, the use of the wetland area by wildlife species will decrease even in a 

relatively un-fragmented landscape with intact hydrology. 
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Table 8 Function 5 - Available Habitat and Connectivity 

Wetland Reference Study 

VHERB 0.2 0.2 

VINVASIVE 0.2 0.45 

VCOMP 0.33 0.44 

VSURTEX 0.87 0.43 

VWD 0 0 

VSSD 0 1 

VHYDRO 1 0 

VCONNECT 0.8 1 

VCORE 0 0 

FCI 0.31 0.41 

 

4. Summary 

This section presents and discusses the resulting FCI scores for the reference wetland 
and study wetland. Table 9 presents the FCI score of each wetland function for the 

respective wetland. 

Table 9 FCI Score Results 

Functional Group Function FCI Scores 

  Reference Wetland Study Wetland 

Hydrology Surface and subsurface 
water storage 

0.72 0.53 

Biogeochemistry Nutrient cycling 0.31 0.30 

Export organic carbon 0.63 0.00 

Plant community Characteristic plant 
community 

0.48 0.40 

Faunal habitat Available habitat and 
connectivity 

0.31 0.41 

 

A comparison of the FCI scores indicates that surface and subsurface water storage 

performance is reduced in the study wetland relative to the reference wetland. This is 

likely due to the lack of organic material in the study wetland surface soil layer as a 
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result of the October 2009 fire. It is however expected that the organic layer will be 

replenished over time.  

Due to the presence of a shrub stratum in the study wetland, FCI scores for nutrient 

cycling appear to be relatively similar. It is however expected that nutrient cycling 

performance of the study wetland will surpass nutrient cycling performance of the 

reference wetland as the organic layer in the study wetland is replenished over time. 

The FCI for export of organic carbon is driven by the presence of organic material and 

downstream hydrologic connections. The water control structures in the study wetland 

significantly limit downgradient migration of dissolved and particulate organic carbon. 

As expected, the FCI score for the study wetland indicates that performance of this 

function in the study wetland is severely limited. Functional performance of the study 

wetland, however, would likely increase with the removal of the water control 

structures. 

FCI scores for the maintenance of a characteristic plant community appear to be 

relatively similar. Performance of the study wetland is expected to increase as the 

organic layer in the study wetland is replenished. 

Although hydrologic connection contributes to the functional performance of available 

habitat and connectivity, on-site variables are given more weight in the FCI. As such, 

the study wetland currently outperforms the reference wetland primarily due to the 

presence of a shrub stratum in the study wetland. Functional performance of the study 

wetland will likely continue to increase when the hydrologic connection with the 

downstream portion of Las Lajas Creek is restored with the removal of the water 

control structures. 

Additionally, it appears that maintenance activities performed in Las Lajas Creek (i.e., 

hand cleaning of the portion of the Las Lajas Creek flowing though the study wetland) 

have increased available open water habitat and land-water edge in the study wetland 

relative to the reference wetland. As observed by Adamus, Stockwell et al. (1991), the 

amount of available open water habitat and a diverse connection of habitat edges 

directly influence habitat utilization. This unintentional increase in habitat diversity has 

appeared to increase faunal utilization of the study wetland despite the lack of 

hydrologic connection with downstream portions of Las Lajas Creek. Additional habitat 

enhancement activities implemented through the process of adaptive management 

would likely increase functional performance and faunal utilization of on-site wetland 

and other habitats. 
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Education 
PhD/Zoology, Rutgers 

University, 1975 
MA/Environmental Education, 

Glassboro State College, 
1970 

BS/Biology, Lenoir-Rhyne 
College, 1965 

 
Years of Experience 
Total - 39 
With ARCADIS - 10 
 
Professional Registrations 
Ecological Society of America, 

Senior Ecologist 
Society of Wetland Scientists-

Professional Wetland 
Scientist 

 
Professional Qualifications 
· Association of State 

Wetland Managers 
· Ecological Society of 

America 
· Estuarine Research 

Federation 
· New Jersey Wildlife Society 
· Society of Ecological 

Restoration 
· Society of Wetland 

Scientists 
 
Advisory Boards 
 
· Public Service Electric and 

Gas, Estuarine 
Enhancement Management 
Plan Advisory Committee  

· American Wetland 
Research Foundation, Inc. 

 

 
 

Joseph K. Shisler, PhD, PWS, CSE 
Principal Scientist 

A nationally recognized wetlands expert, Dr. Shisler has more than 35 years of experience 

conducting wetland evaluations and restoration projects.  He was former president of Shisler 

Environmental Consultants, Inc. in Little Egg Harbor, New Jersey.  Before that he was at Rutgers 

University for more than 15 years, where he directed research on wetlands, wildlife use, 

stormwater management, wetland mitigation, and coastal zone management issues.  Dr. Shisler 

has been a consultant to various state, federal, and international agencies concerning wetlands 

and stormwater management issues, and he has published more than 125 papers.  His work was 

recognized by the New Jersey Wildlife Society, which presented him with the 1980 

Conservationist of the Year award.  Dr. Shisler performed an extensive wetland evaluation on 

Staten Island for the New York Department of Environmental Conservation. Governor Kean 

appointed him chairperson of the New Jersey Wetlands Mitigation Council in 1989 where he 

served for 9 years.  He has been a wetland restoration consultant for 20 years to the 10,000 acre 

PSE&G Estuarine Enhancement Program for the Delaware Bay.  Dr. Shisler is a professional 

wetland scientist certified by the Society of Wetland Scientists and a senior ecologist certified by 

the Ecological Society of America. 

Experience 

Environmental Consultant for Superfund Sites 
Various Locations in U.S. 

Environmental consultant on a number of Superfund sites throughout the United States to 

address wetland, wildlife, and natural resource damages.  Interacted with agencies to obtain 

necessary permits and meet cleanup requirements that have included wetland delineation, 

wetland mitigation plans and successful implementation of the plans, and habitat and wildlife 

surveys.   

 

Evaluation of Sites 
New Jersey and Surrounding States 

Evaluated more than 3,000 sites as potential wetland sites and environmental impacts for a 

number of engineering firms and assisted in obtaining the necessary permits required by the 

state and federal agencies.   
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Wetland Management Methods 
While at Rutgers University, served as a consultant to New Jersey to address wetland 

management methods associated with mosquito control.  Under his direction, the open marsh 

water management and tidal restoration of impoundments have become major methods in the 

restoration of coastal wetland ecosystems which are utilize in most states. 

 
Wetland Mitigation  
Over the last 30 years has a number wetland restoration and mitigation projects that have been 

implemented and determined to be successful  have been located in NJ, PA, NY, CT, DE, FL, 

GA, MI and MS.  

 

Expert Witness 
Been qualified in several courts as an expert witness in various environmental fields including 

wetland delineations and management, wildlife management, ecology, stormwater management 

issues, environmental impact assessments, and pest  management and accepted as an expert in 

more than 100 municipal and county planning boards and environmental commissions in New 

Jersey, Pennsylvania, and New York. 

Faculty Member 
Served as a faculty member at Rutgers University in the Department of Entomology and 

Economic Zoology and was an adjunct faculty member at the University of South Carolina and 

Trenton State College 

 
Participant in Short Courses 
Invited participant in a number of short courses for professionals for the USEPA; USCOE, the 

Office of Continuing Professional Education, Cook College - Rutgers University; The National 

Wetland Science Training Cooperative, Seattle, Washington; and Executive Enterprises, 

Washington, D.C.  Instrumental in developing a short course series on wetlands and coastal 

issues at Rutgers University-Cook College. Has been invited participant in wetland mitigation, 

mosquito and vector control, dredge disposal issues, wildlife management, coastal zone 

development, and floodplain and stormwater management workshops (list available on request). 

 
Overseas Consultant for Anti-malarial Project 
Overseas consultant to the U.S. Department of State - Agency for International Development 

anti-malarial project in Zaire to address habitat management procedures and non-chemical 

methods in the control of vectors 

Invited participant and chairperson of the Water and Weed Management, and Source Reduction 

Section for the Workshop “Comprehensive Vector Control - Current Status and Research Needs” 
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of the World Health Organization International Irrigation Management Institute Kandy, Sri Lanka-

Environmental management for vector control   

 

Evaluation of Mosquito Control Program 
Evaluated the development of a comprehensive mosquito control program for Cape Cod National 

Park for the U.S. Department of Interior-Park Service 

  

Consultant for Possible Lyme Disease Vectors 
Mammal trapping and habitat identification consultant for possible Lyme disease vectors in New 

Jersey for the New Jersey Department of Health 

Publications 

Dr. Shisler has published more than 100 scientific papers in various periodicals and presented 

more than 200 scientific papers at various state, national, and international meetings (lists 

available on request).  Papers have been published in following professional journals:  

American Midland Naturalist 

Biological Conservation 

Bulletin of New Jersey Academy of Science 

Bulletin of the Ecological Society of America 

Condor 

Ecological Restoration 

Estuaries   

Ibis 

Human and Ecological Risk Assessment: An International Journal 

J. of American Mosquito Control Association 

J. of Medical Entomology 

Marine Biology 

Proc. of the Coastal Society 

Proc. of Colonial Waterbird Group 

Proc. of New Jersey Mosquito Control Association 

Proc. of NE Fish and Wildlife  

Science 

Transactions of the American Fisheries Society  

Wetlands 

Wilson’s Bulletin 

Yale J. Biology and Medicine  
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Education 
BS/Natural Resource 

Management, Rutgers 

University, 2001 

 

Years of Experience 
With ARCADIS Since 2001 

 

Professional Qualifications 
Society for Ecological 

Restoration International 

Society of Wetland Scientists 

New Jersey Certified Pesticide 

Applicator: #54174B 

 
 

Gary M. Markiewicz 
Project Ecologist 

Mr. Markiewicz has conducted wetland delineations, ecological evaluations and bio-monitoring, 

habitat restoration and enhancement, and biological and chemical sampling in various 

environmental media for over 9 years. He has extensive land use regulation experience including 

land use permit preparation, wetland mitigation design, and development and implementation of 

best management practices for threatened and endangered species.  His responsibilities include 

mitigation and habitat restoration project design, implementation of habitat restoration projects 

and associated adaptive management, and field data collection activities, data interpretation, and 

report development. 

Mr. Markiewicz has delineated wetlands for various sites in New Jersey, New York, Pennsylvania 

and Illinois using the U.S. Army Corp of Engineers (USACE) multi-parameter method for routine 

determinations and the respective supplemental manuals for the Atlantic and Gulf Coastal Plain, 

Northcentral and Northeast, Eastern Mountains and Piedmont, and Mid-West Regions. He has 

prepared and submitted numerous land use regulation permit applications for a variety of projects 

regulated by the Freshwater Wetlands Protection Act, the Coastal Area Facility Review Act, the 

Wetlands Act of 1970, the Waterfront Development Act and the Tidelands Act. Permit 

applications also addressed regulatory compliance with respect to flood hazard areas and 

riparian zones under jurisdiction of the Flood Hazard Area Control Act and areas regulated by the 

Delaware and Raritan Canal Commission.  Mr. Markiewicz has also conducted numerous pre-

application meetings with the New Jersey Division of Land Use Regulation (NJDLUR) for various 

remedial and utility infrastructure projects as well as other activities conducted in freshwater 

wetlands and other regulated areas. 

Mr. Markiewicz also has a strong background in investigative field  activities which includes 

vegetation community assessments, vernal pool monitoring, wildlife surveys, terrestrial and 

aquatic macro-invertebrate sampling, fish tissue collection and population studies, surface water 

sampling in riverine and wetland systems, and sediment and soil sampling in ecologically 

sensitive areas.   

Mr. Markiewicz also has experience working in remote areas of Alaska performing fisheries 

activities associated with his work as a hatchery technician for the Prince William Sound 

Aquaculture Corporation (PWSAC). 
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Experience 

Threatened and Endangered Species Best Management Practice (BMP) Development  
Chatham and Ringwood, New Jersey (2007-present) 

Engaged the United States Fish and Wildlife Endangered Species Program’s New Jersey Field 

Office and New Jersey Division of Land Use Regulation Program to develop appropriate BMP 

protective of Glyptemys {Clemmys} muhlenbergii (bog turtle) and Clemmys insculpta (wood 

turtle), which allowed implementation of remedial activities at United States Environmental 

Protection Agency (USEPA) Superfund sites. 

 
Wetland Delineation 
Various Locations (2002-present) 

Performed numerous wetland delineations for sites in New Jersey, New York, Pennsylvania and 

Illinois including, a 433-acre corporate campus, an 80-acre undeveloped property, approximately 

50 miles of floodplain in state forest preserve land and residential properties, and a 144-acre 

Superfund site partially located in a United States Fish and Wildlife Service wildlife refuge. 

Delineations conducted in New Jersey were performed using the multi-parameter approach as 

outlined in the 1989 Inter Agency Federal Manual for Identifying and Delineating Jurisdictional 

Wetlands. Wetland delineations conducted outside of New Jersey were performed using the 

USACE multi-parameter method for routine determinations and the respective supplemental 

manuals for the Atlantic and Gulf Coastal Plain, Northcentral and Northeast, Eastern Mountains 

and Piedmont, and Mid-West Regions. 

Land Use Permitting (Freshwater/Coastal Wetlands, Flood Hazard Area/Riparian Zone) 
New Jersey (2001-present) 

Prepared and submitted land use permit application packages to support remedial activities for 

numerous sites in New Jersey pursuant to the New Jersey Freshwater Wetlands Protection Act 

Rules (N.J.A.C. 7:7A), New Jersey Coastal Zone Management and Coastal Permit Program 

Rules (N.J.A.C. 7:7 and 7:7E), New Jersey Flood Hazard Area Act Rules (N.J.A.C. 7:13), and the 

Delaware and Raritan Canal Commission (N.J.A.C. 7:45).  

Land Use Permitting (Mitigation Plans) 
New Jersey (2003-present) 

Prepared and submitted numerous mitigation proposals as a component of freshwater wetlands 

general permits for remedial activities in accordance with N.J.A.C. 7:7A.  Mitigation designs 

included creation and enhancement of emergent, wet-meadow, scrub/shrub, and forested 

wetland communities through broadcast application of native seed mixtures and planting of 
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native species. Designed monitoring and maintenance programs that incorporated adaptive 

management techniques to improve project success while reducing overall project costs. 

Salt Marsh Vegetation Monitoring 
Port Arthur, Texas (2008-present) 

Perform vegetation monitoring in over100 acres of created salt marsh using quadrat sampling 

techniques to estimate percent cover of individual species. 

Vernal Pool Monitoring 
Central and Northern New Jersey (2007-present) 

Conducted monitoring of potential and constructed vernal pool habitats at numerous sites in New 

Jersey. Activities included identification of plant, macro-invertebrate, reptile, and amphibian 

species and documentation of hydrology in accordance with the NJDFW Vernal Pool Data Form 

and NJDLUR Freshwater Wetlands Vernal Habitat Protocol. 

Wildlife Inventories 
Hopewell, New Jersey (2002-present) 

Conduct routine wildlife inventories for a 433-acre corporate campus.  Activities include 

identification and documentation of plant (tree, shrub, and herbaceous), mammalian, avian, 

and reptilian species.  Prepare annual reports and present recommendations regarding wildlife 

and species diversity enhancement initiatives. 

 
Comprehensive Ecological Evaluation 
South Plainfield, New Jersey (2003-2009) 

Assisted with the implementation of the evaluation of an organochlorine pesticide (OCP)-

contaminated forested wetland system and unimpacted reference sites to assess the 

ecological function and value of the system when compared to reference sites.  Activities 

included RBP surveys of vegetation; benthic and terrestrial invertebrate sampling; fish tissue 

collection using electro-fish shocking methods, and vernal pool monitoring. 

 
Aquatic Bio-monitoring  
Hopewell and Rockaway, New Jersey (2006-present) 

Designed and conducted an aquatic bio-monitoring programs that included habitat assessment 

and benthic macroinvertebrate data collection and analysis based on rapid bioassessment 

protocols (RBP) developed by the United States Environmental Protection Agency (USEPA) and 

New Jersey Department of Environmental Protection (NJDEP) Bureau of Freshwater and 

Biological Monitoring.  Activities included benthic macro-invertebrate sample collection, habitat 

assessment, data management and evaluation, and report preparation. 
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Fish Population and Tissue Sampling 
Various Sites, New Jersey, New York, Michigan (2006-present) 

Assisted with the implementation of fish population studies and tissue collection for several 

sites in New Jersey, New York, and Michigan using a variety of techniques including backpack 

electro-fishing units, boat-mounted electro-fishing rigs, gill nets, seine nets, etc. 

 
Baseline Ecological Evaluation (BEE) 
Various Sites, New Jersey (2002-2008) 

Conducted BEE for several sites including a 5-acre industrial facility located in an urban area 

and an approximately 40-acre inactive industrial facility. Identified potential environmentally 

sensitive areas (ESA) and ecological receptors, identified potential contaminants of 

environmental concern (PCOEC), evaluated the potential for ecological effects from PCOEC 

based on potentially complete exposure pathways, and evaluated the need for further risk 

assessment based on the coincidence of ESA, PCOEC, and complete exposure pathways. 

 
Ecological Characterization of Fringe Wetlands 
Glenns Falls, New York (2005-2007) 

Assisted with the design and implementation of fringe wetland characterization along 

approximately 20 miles of a major riverine system. Field activities included vegetation 

community delineation, plant community evaluation, and wildlife documentation to establish 

understanding of the functionality and composition of these systems for the planning and 

design of remedial and restoration activities. 
 
Thermal Trend Study 
New Jersey (1999) 

As a member of the Rutgers Chapter of Trout Unlimited  (RUTU), conducted a thermal trend 

study for the Muskenetcong and South Branch of the Raritan Rivers, in conjunction with the New 

Jersey Division of Fish and Wildlife (NJDFW). Activities included collection and analysis of field 

data recovered from in-situ thermal data loggers to identify thermal impacts to surface waters 

from point-source storm water discharges. Developed and presented recommendations for brook 

trout (Salvelinus fontinalis) population management practices based on study results to NJDFW. 

Smolt Out-migration Population Survey 
Paxson, Alaska (1998) 

As a hatchery technician for PWSAC, conducted population surveys for out-migrating sockeye 

salmon (Oncorhynchus nerka) smolt. Activities included constructing sampling equipment, 

monitoring and collecting specimens from fish traps, tagging fish via wire code tagging machines, 

and recording fish count and size data. 
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Invasive Plant Species Control  
Various Sites, New Jersey (2011-present) 

Developed and implemented invasive species control programs for various plant community 

restoration and habitat enhancement projects in New Jersey using a variety of control methods 

including surgical spot application of herbicide to target invasive species (e.g., Alliara petiolata, 

Phragmites australis, Polygonum cuspidatum, Rosa multiflora) using backpack sprayers and 

wipe application, and strategic mowing. 

 
Vernal Pool/Freshwater Wetlands/Upland Forest Mitigation Project 
Ringwood, New Jersey (2008-present) 

Designed and manage the restoration and enhancement of approximately 12 acres of 

freshwater wetlands on a Region 2 Superfund site as part of mitigation for remedial activities.  

The project involved the design and placement of bio- engineered techniques to stabilize and 

reduce erosion of steep slopes and the selection of plant species based on reference area 

vegetation assessments. Project goals included creation of emergent, wet-meadow, and 

scrub/shrub wetland communities and upland forest through broadcast application of native 

seed mixtures and planting of native species in areas previously disturbed by a remedial 

action. Vernal pool creation was incorporated into the project to increase ecological value while 

reducing costs associated with regrading and fill placement. Utilization of project provided 

habitat by numerous vernal pool dependent species and New Jersey listed threatened species 

was documented in 2009 and 2010, respectively. 

 
Riparian Areas/Freshwater Wetlands Restoration and Enhancement Program 
Hopewell, New Jersey (2002-present) 

Design and manage riparian corridor and freshwater wetland system restoration and 

enhancement program on a 433-acre active pharmaceutical research and development facility.  

NJDLUR accepted managed areas for mitigation bank credits for implementation of the site’s 

development plan. 

Stream Restoration and Debris Removal 
North Carolina (2006) 

Managed restoration and debris removal for approximately 20 miles of trout production streams 

in northwest North Carolina impacted by seasonal hurricane activity.  Field activities included 

oversight and management of three debris removal crews in remote areas of northwest North 

Carolina. 
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Freshwater Wetlands Mitigation Project 
Caldwell, New Jersey (2005-2010) 

Managed and implemented a freshwater wetlands mitigation project on a Region 2 Superfund 

site that created emergent, wet-meadow, and scrub/shrub wetland communities through 

broadcast application of native seed mixtures and planting of native species in areas 

previously dominated by common reed (Phragmites australis). Following a 5-year adaptive 

amnagment program, NJDLUR approved project completion in 2010. 

 
Wildlife Habitat Council (WHC) Applications 
New Jersey and Connecticut (2004-2009) 

Prepared WHC application packages in accordance with WHC’s application requirements for 

several large corporate campuses in New Jersey and Connecticut. Coordinated and participated 

in site visits conducted by WHC biologists and served as a liaison between the client and WHC. 

Wildlife Habitat Management Plan (WHMP) 
New Jersey and Connecticut (2004-2007) 

Prepared WHMP for several large corporate campuses to increase on-campus wildlife habitats 

using sustainable practices and increase employee wildlife habitat awareness. Activities 

included a qualitative habitat analysis for wildlife habitats present on campus; a wildlife 

inventory to document plant, mammalian, avian, and reptilian species; and to identify habitat 

use.  Coordinated and conducted hands-on informational field sessions that included amateur 

birding, nesting box monitoring, plant identification, and restoration practices. 

 
Restoration and Enhancement - Freshwater Wetlands/Stream Corridor  
South Plainfield, New Jersey (2004-2008) 

Performed restoration and enhancement of approximately 5 acres of freshwater wetlands and 

stream corridor following completion of remedial activities in a forested wetland system. Activities 

included construction oversight, planting activity management and implementation, monitoring 

and project evaluation, and monitoring report preparation. 

Stream Restoration 
Somerset, New Jersey (2000) 

As a member of RUTU, in conjunction with NJDFW, participated in the restoration of 600 linear 

feet of stream bank along the Muskenetcong River using bio-engineering techniques to stabilize 

and reduce stream bank erosion. 



  
 

Gary M. Markiewicz 
Project Ecologist 

10/31/2011  7/8 

 

   

Restoration - Riverfront Freshwater Tidal Wetlands/Riparian  
Edison, New Jersey (2002) 

Conducted restoration activities along 1,600 linear feet of riverfront on a closed landfill. 

Activities included implementation of planting and seeding, and installation of live stakes to 

incorporate native vegetation and increase wildlife utilization along the riverfront. 

 
Migration Pathway Survey and Maintenance 
Paxson, Alaska (1998) 

Conducted field surveys of remote streams for obstructions to native salmon migratory routes for 

PWSAC. Activities included accessing remote streams on foot, recording stream conditions and 

identifying obstructions to migratory routes, and removing flow obstructions by hand. 

Groundwater Sampling Investigations (Passive Diffusion Methods) 
New Jersey and Maryland (2001-2005) 

Performed field task management for groundwater sampling investigations at several sites using 

passive diffusion methods.  Activities included site coordination, sample collection, sample 

management, and laboratory coordination. 

Groundwater Sampling Investigation (Low-flow/3-volume Purge Methods) 
New Jersey, New York, Pennsylvania, and Puerto Rico (2001-2004) 

Performed field task management for groundwater sampling investigations at numerous sites 

throughout New Jersey, New York, and Pennsylvania using low-flow and 3-volume purge 

methods. Also performed field task management for a 3-volume purge groundwater sampling 

investigation at a United States Environmental Protection Agency Superfund site in Puerto Rico. 

Activities included site coordination and sample collection, sample management and laboratory 

coordination, and instrument calibration. 

Sediment Pore-Water Investigation 
Hackettestown, New Jersey (2003) 

Performed investigation using passive diffusion samplers for the analysis of dissolved chromium 

and hexavalent chromium.  Designed and constructed sample apparatus and collected samples. 

Salmon Brood Stock Harvest 
Paxson, Alaska (1998) 

Harvested sockeye salmon brood stock from a remote river for PWSAC. Activities included 

harvesting brood stock, egg sterilization and fertilization, and incubator preparation.  
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Selected Publications 

Markiewicz, G.M., J.K. Shisler, C. Tuttle, A. Hebert, J. McBurney. 2011. Ecological and Economic 

Benefits of Adaptive Management for Wetland Mitigation. Poster presented at the Society of 

Environmental Toxicology and Chemistry Hudson-Delaware and Chesapeake-Potomac Regional 

Chapter Joint Meeting, 27-28 April, Wilmington, Delaware. 

Markiewicz, G.M., J.K. Shisler, K. Hallinger, E. Zimmerman, G. Albright, and B. Bussa. 2010. Not 

All Restoration Sites are Created Equal - Lessons Learned from Wetland Restoration Projects 

Associated with Environmental Cleanups in New Jersey. Poster presented at the Society for 

Ecological Restoration International Mid-Atlantic Chapter Annual Conference, 20 January, 

Rutgers University, New Brunswick, New Jersey. 

Markiewicz, G.M., J.K. Shisler, G.J. Braun, D.J. Stout, M. Koza, R.M. Weiss, A.P. Lanterman. 

Teaching Through Doing – Riparian Restoration and Wildlife Enhancement Projects as 

Educational Tools. Paper presented at the Ecological Society of America 92
nd

 Annual Meeting 

and the Society of Ecological Restoration International 18
th
 International Conference, 5-10 

August, San Jose McEnery Convention Center, San Jose, California. 

Markiewicz, G.M., G.J. Braun, J.K. Shisler, D.J. Stout, M.B. Koza, R.M. Weiss, and A.P. 

Lanterman.  2006.  Restoration of riparian buffers on a New Jersey corporate campus.  In 

Proceedings of the American Water Resources Association 2006 Summer Specialty Conference, 

eds. M. Colosimo and D.F. Potts. Missoula, Montana. 

Markiewicz, G.M., G.J. Braun, J.K. Shisler, D.J. Stout, M.B. Koza, R.M. Weiss, and A.P. 

Lanterman.  2006.  Riparian buffer restoration on a corporate campus - A component of a 

watershed management approach. In Proceedings of the Mid-Atlantic Sections American Water 

Resources Association Stream Restoration and Protection in the Mid-Atlantic Region 

Conference.  NJ School of Conservation, Montclair State University, Branchville, New Jersey. 
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HGM Functional Assessment 

Datasheets 



Northing:

Easting:

Scientific Name Common Name Growth Form Indicator Status

Invasive/Non-
native (Y/N)

Native Wetland 
Species (Y/N) % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count

Herbaceous (1m x 1m quadrats) - Cover Class

Typha domingensis southern cattail herb OBL N Y 2 6 2 4 2 4

Vigna luteola hairypod cowpea vine FAC N Y 2 2 1

Paspalum millegrana paja brava herb FACW N Y 3 30 2 20 3 23 2 14

Ipomoea batatas sweetpotato vine FACW Y N 2 2 3 5 3

Commelina erecta whitemouth dayflower herb FAC N Y 1 1 2 150 2 6

Colocasia esculenta coco yam herb OBL Y N 3 14
Urochloa mutica para grass herb FACW Y N 5 300

- - - - - -

- - - - - -

Woody Debris (3m from quadrat center) Wildlife Observations

Quadrat % cover Quadrat

Q1 0

Q2 0

Q3 0

Q4 0
Q5 0

Range of Cover (%) Class

1-5% 1

6-25% 2

26-50% 3

51-75% 4

Cover Woody Vegetation (10 m from quadrat center) 

Notes:

Q5
0 0 0 0 0

% Cover

Q1 Q2 Q3 Q4

Q5
- - - - -

Growth Form

Trees (3 m from quadrat center) Growth Form Indicator Status
Invasive/Non-
native (Y/N)

Native Wetland 
Species (Y/N)

Q4

NoneNoneNoneNoneNone

DBH

Q2

Daubenmire  % Cover Classes:

Q3

Observations

Q1

Q5

Q1 Q2 Q3 Q4

066°08'11.4"

Shrubs (3 m from quadrat center) Indicator Status
Invasive/Non-
native (Y/N)

Native Wetland 
Species (Y/N)

Stem count

Q1 Q2 Q3 Q4

GPS coordinates (Degrees,minutes,seconds)

18°25'17.6" 18°25'14.8" 18°25'14.0" 18°25'08.4" 18°25'09.0"

066°08'04.9" 066°08'07.0" 066°08'07.7" 066°08'13.1"

Sample Time: 14:13 14:42 10:47 12:05 12:15

Quadrat I.D. RQ1 RQ2 RQ3 RQ4 RQ5

76-95% 5
96-100 6 Q5



Quadrat I.D. RQ1

Matrix Redox Features

Color % Color % Type Loc Texture

0-12 - - - - - - fibric

Additional Notes:

Quadrat I.D. RQ2

Matrix Redox Features

Color % Color % Type Loc Texture

0-12 - - - - - - fibric

Additional Notes:

Quadrat I.D. RQ3

Matrix Redox Features

Color % Color % Type Loc Texture

0-12 - - - - - - fibric

Additional Notes:

Quadrat I.D. RQ4

Matrix Redox Features

Color % Color % Type Loc Texture

0-12 - - - - - - fibric

Additional Notes:

Quadrat I.D. RQ5

Matrix Redox Features

Color % Color % Type Loc Texture

0-2 - - - - - - fibric

2-6 10YR 4/1 95 10YR 3/6 5 C M silty clay

6-8 10YR 5/4 50 10YR 5/8 40 C M silty clay

Additional Notes:

Depth (in)

Hydrology

Surface Water Present? (Y/N) Depth (inches):

no mineral soil layer, just organic root mat at 0-2 in.; a lot of 
pea gravel (10YR 8/4) throhgout profile; refusal at 8 in.

Water Table Present? (Y/N) Depth (inches):

Saturation Present? (Y/N) Depth (inches):

Depth (in)

Hydrology

Surface Water Present? (Y/N) Y Depth (inches): 0.0

no mineral soil layer, just organic root mat

Water Table Present? (Y/N) Y Depth (inches): 0.0

Saturation Present? (Y/N) Y Depth (inches): 0.0

Depth (in)

Hydrology

Surface Water Present? (Y/N) Y Depth (inches): 2.0

no mineral soil layer, just organic root mat

Water Table Present? (Y/N) Y Depth (inches): 0.0

Saturation Present? (Y/N) Y Depth (inches): 0.0

Depth (in)

Hydrology

Surface Water Present? (Y/N) Y Depth (inches): 8.0

no mineral soil layer, just organic root mat

Water Table Present? (Y/N) Y Depth (inches): 0.0

Saturation Present? (Y/N) Y Depth (inches): 0.0

no mineral soil layer, just organic root mat

Depth (in)

Depth (inches): 2.5Surface Water Present? (Y/N) Y

Water Table Present? (Y/N) Y Depth (inches): 0.0

Saturation Present? (Y/N) Y Depth (inches): 0.0

Hydrology



Northing:

Easting:

Scientific Name Common Name Growth Form Indicator Status

Invasive/Non-
native (Y/N)

Native Wetland 
Species (Y/N) % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count % Cover Stem Count

Herbaceous (1m x 1m quadrats) - Cover Class

Typha domingensis southern cattail herb OBL N Y 3 5 1 15 3 15

Paspalum millegrana paja brava herb FACW N Y 3 30 3 20 4 1 10 2 10 1 1 1 3 3 325 1 4 1 2

Ipomoea batatas sweetpotato vine FACW Y N 2 2 1 3 2 2 5 6 5

Vigna luteola hairypod cowpea vine FAC N Y 2 1 2 1 1

Ludwigia octovalvis Mexican primrose-willow herb OBL N Y 2 6 1 1

Polygonum hydropiperoides swamp smartweed herb OBL N Y 1 1 2 3

Q6

9:45

18°25'09.6"

066°08'04.9"

Q5

9:17

18°25'10.7"

066°08'05.3"

18°25'15.6"

066°07'59.7"

18°25'18.8"

066°07'57.3"

18°25'20.1"

066°07'53.9" 066°08'01.5"GPS coordinates (Degrees,minutes,seconds)

18°25'20.1" 18°25'10.0" 18°25'10.46" 18°25'11.1" 18°25'11.7"

066°07'52.4" 066°08'04.5" 066°08'03.2" 066°07'02.1"

Sample Time: 10:51 10:07 13:15 13:30 13:4611:25 12:14 13;10

Quadrat I.D. Q1 Q7 Q8 Q9 Q10Q2 Q3 Q4

Polygonum hydropiperoides swamp smartweed herb OBL N Y 1 1 2 3

Commelina erecta whitemouth dayflower herb FAC N Y 5 1400 2 8 1 7 3 400

Colocasia esculenta coco yam herb OBL Y N 4 30

unknown unknown herb herb - - - 2 2

Mimosa pudica shameplant herb FAC N Y 2

Mimosa pellita lollipop mimosa shrub FACW N Y

Q6Q5

Q6

0

Q6

0

Q4

Q5

0

Q5

0

Q4

5

Q4

2

Q3

5

Q3

3

Q2

0

Q2

0

Q10Q2 Q3Trees (3 m from quadrat center) Growth Form Indicator Status
Invasive/Non-
native (Y/N)

Native Wetland 
Species (Y/N)

DBH

Q1 Q7 Q8 Q9

Q7 Q8 Q9 Q10

0 0 0 0 0

0 0 0

Shrubs (3 m from quadrat center) Growth Form Indicator Status
Invasive/Non-
native (Y/N)

Native Wetland 
Species (Y/N)

Stem count

Q1

Cover Woody Vegetation (10 m from quadrat center) 

% Cover

Q1 Q7 Q8 Q9 Q10

0 0

- - - - - -

Woody Debris (3m from quadrat center) Wildlife Observations

Quadrat % cover Quadrat

Q1 0

Q2 0

Q3 0

Q4 0

Q5 0

Q6 0

Q7 0

Q8 0

Q9 0

Q6

-

Q2

Q3

Q4 pig frogs, small fish in areas of open water

Q5

-

Q4

-

Notes:

Observations

Q1

Q10

- - - - -

Q2

-

Q3

-

Trees (3 m from quadrat center) Growth Form Indicator Status native (Y/N) Species (Y/N) Q1 Q7 Q8 Q9

Q10 0

Range of Cover (%) Class

1-5% 1

6-25% 2

26-50% 3

51-75% 4

76-95% 5 Q9

96-100 6 Q10

Q5 peepers chorusing

Daubenmire  % Cover Classes:

Q6

Q7

Q8



Quadrat I.D. Q1

Matrix Redox Features

Color % Color % Type Loc Texture

0-12 2.5YR 3/1 100 - - - - silt

Additional Notes:

Depth (in)

Hydrology

Surface Water Present? (Y/N) Y Depth (inches): 6

no mineral soil layer, just organic root mat

Water Table Present? (Y/N) Y Depth (inches): 0

Saturation Present? (Y/N) Y Depth (inches): 0

Quadrat I.D. Q2

Matrix Redox Features

Color % Color % Type Loc Texture

0-4 10YR 2/1 100 - - - - silt

4-12 7.5YR 5/1 75 10YR 4/6 25 C M silty clay

Additional Notes:

Depth (in)

Hydrology

Surface Water Present? (Y/N) Y Depth (inches): 4.5

Water Table Present? (Y/N) Y Depth (inches): 0

Quadrat I.D. Q3

Matrix Redox Features

Color % Color % Type Loc Texture

0-6 2.5YR 6/4 50 10YR 4/7 25 D M silty clay loam

10YR 4/6 15 C M

10YR 5/6 10 C M

Additional Notes:

Depth (in)

Hydrology

S f W t P t? (Y/N) Y D th (i h ) 5 0

Saturation Present? (Y/N) Y Depth (inches): 0

Quadrat I.D. Q4

Matrix Redox Features

Color % Color % Type Loc Texture

0-0.5 Gley 1/2.5/N 100 - - - - silt

0.5-12 7.5YR 5/1 50 7.5YR 4/1 10 D M silty clay

7.5YR 5/6 40 C M

Depth (in)

Surface Water Present? (Y/N) Y Depth (inches): 5.0

refusal at 6 in.

Water Table Present? (Y/N) Y Depth (inches): 0

Saturation Present? (Y/N) Y Depth (inches): 0

Additional Notes:

Quadrat I.D. Q5

Matrix Redox Features

Color % Color % Type Loc Texture

0-8 - - - - - - fibric

8 12 10YR 3/1 100 silty clay loam

Depth (in)

Hydrology

Surface Water Present? (Y/N) Depth (inches):

Water Table Present? (Y/N) Depth (inches):

Saturation Present? (Y/N) Depth (inches):

8-12 10YR 3/1 100 - - - - silty clay loam

Additional Notes:Hydrology

Surface Water Present? (Y/N) Y Depth (inches): 2.0

sulfur odor at 8-12 in.

Water Table Present? (Y/N) Y Depth (inches): 0

Saturation Present? (Y/N) Y Depth (inches): 0



Quadrat I.D. Q6

Matrix Redox Features

Color % Color % Type Loc Texture

0-4.5 10YR 4/1 85 5YR 4/6 15 C M/R silty clay

4.5-12 10YR 4/2 80 5YR 4/6 20 C M/R silty clay

Additional Notes:

Depth (in)

Hydrology

Surface Water Present? (Y/N) N Depth (inches): 0

Water Table Present? (Y/N) Y Depth (inches): 6.0

Quadrat I.D. Q7

Matrix Redox Features

Color % Color % Type Loc Texture

0-4.5 10YR 4/1 85 5YR 4/6 15 C M/R silty clay

4.5-12 10YR 4/2 90 5YR 4/6 10 C M/R silty clay

Additional Notes:

Depth (in)

Hydrology

Surface Water Present? (Y/N) N Depth (inches): 0

Saturation Present? (Y/N) Y Depth (inches): 0

Quadrat I.D. Q8

Matrix Redox Features

Color % Color % Type Loc Texture

0-8 - - - - - - fibric

8-12 7.5YR 4/3 75 10YR 3/7 25 D M silty clay

Additional Notes:

Depth (in)

Hydrology

S f W t P t? (Y/N) N D th (i h ) 0

Water Table Present? (Y/N) Y Depth (inches): 10.0

Saturation Present? (Y/N) Y Depth (inches): 0

Quadrat I.D. Q9

Matrix Redox Features

Color % Color % Type Loc Texture

0-2 7.5YR 3/1 90 7.5YR 3/4 10 C M silty clay

2-12 7.5YR 3/2 85 7.5YR 4/6 15 C M/R silty clay

Additi l N t

Depth (in)

H d l

Surface Water Present? (Y/N) N Depth (inches): 0

Water Table Present? (Y/N) Y Depth (inches): >12

Saturation Present? (Y/N) Y Depth (inches): 10

Additional Notes:

Quadrat I.D. Q10

Matrix Redox Features

Color % Color % Type Loc Texture

0-3 5YR 3/2 100 - - - - silty clay

3-12 2.5YR 4/3 90 7.5YR 5/8 10 C M silty clay

Depth (in)

Hydrology

Surface Water Present? (Y/N) N Depth (inches): 0

Water Table Present? (Y/N) Y Depth (inches): >12

Saturation Present? (Y/N) Y Depth (inches): >12

Additional Notes:Hydrology

Surface Water Present? (Y/N) N Depth (inches): 0

Water Table Present? (Y/N) Y Depth (inches): 9

Saturation Present? (Y/N) Y Depth (inches):2



Appendix E 

 

Facility Photo Log  

(September 30, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Current Conditions Report 
Former Caribbean Petroleum 
Refining Facility 
Bayamón, Puerto Rico 

421121869 1 

Facility Photo Log 

Photograph 1 - View of the 
southern side of the facility (facing 
west) 

Photograph 2 - View of the eastern 
side of the facility (facing south) 

  



Current Conditions Report 
Former Caribbean Petroleum 
Refining Facility 
Bayamón, Puerto Rico 

421121869 2 

Facility Photo Log 

Photograph 3 - View of the eastern 
side of the Scrap Metal Storage 
Area #1 (facing northeast) 

Photograph 4 - View of the western 
side of Scrap Metal Storage Area 
#1 (facing west) 

  



Current Conditions Report 
Former Caribbean Petroleum 
Refining Facility 
Bayamón, Puerto Rico 

421121869 3 

Facility Photo Log 

Photograph 5 - View of the facility 
from the northeast corner (facing 
southwest) 

Photograph 6 - View of the 
aeration basin and closed 
equalization basin (facing west) 

  



Current Conditions Report 
Former Caribbean Petroleum 
Refining Facility 
Bayamón, Puerto Rico 

421121869 4 

Facility Photo Log 

Photograph 7 - View of Outfall 002 
(facing north) 

  



Current Conditions Report 
Former Caribbean Petroleum 
Refining Facility 
Bayamón, Puerto Rico 

421121869 5 

Facility Photo Log 

Photograph 8 - View of the storm 
water basin that flows to Outfall 
002 (facing south) 

Photograph 9 - View of Las Lajas 
Creek (facing east) 

  



Current Conditions Report 
Former Caribbean Petroleum 
Refining Facility 
Bayamón, Puerto Rico 

421121869 6 

Facility Photo Log 

Photograph 10 - View of Las Lajas 
Creek (facing west) 

  



Appendix F 

 

Documentation Related to Fort 

Buchanan Property 

 

 

 

 

 

 

 

 

 

 

 

 

 

 











































Appendix G 

 

2004 Groundwater Monitoring Report 

Tables and Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

























































































































































































































Appendix H 

 

Figures Depicting Areas Impacted by 

2009 Incident 
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